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Abstract 
BACKGROUND: Forty-five percent of patients in Canada are admitted to hospital already 
malnourished. Compared to well-nourished patients, those with diminished nutritional status are at an 
increased risk of in-hospital mortality and several medical complications. As a result, malnourished 
patients take longer to recover, stay hospitalized longer, and are more likely to be readmitted to 
hospital after discharge, costing the healthcare system more to care for them. Improving nutritional 
status in hospital can improve recovery and shorten length of stay. Insufficient food intake (FI) is 
common in hospital and has also been associated with longer lengths of stay (LOS), leading to further 
declines in nutritional status. Thus, ensuring sufficient patient FI could improve patient outcomes and 
reduce costs of care by reducing nutritional decline. However, current FI monitoring practices in 
hospital are generally ad hoc. Most hospitals don’t have the resource capacity to have staff monitor 
every patient’s FI, so monitoring practices are sparsely or inaccurately completed for only a portion 
of patients. There are also barriers to FI that occur in hospital, which include a range of potential 
mealtime issues patients could experience that further prevent them from consuming enough food. 
These barriers are simple issues that can easily go unrecognized by staff and their existence isn’t 
formally assessed or monitored in current practice. Creating practices that allow 1) the accurate 
monitoring of all patients’ FI, and 2) the identification and removal of FI barriers, could increase the 
efficacy of hospitals to provide sufficient nutrition care and fight the prevalence of malnutrition 
through increased patient FI. 
PURPOSE: The purpose of this thesis was to complete key steps in the development and testing of 
two novel hospital nutrition care tools. The My Meal Intake Tool (M-MIT), a patient-completed FI 
monitoring tool, was tested for feasibility and criterion validity in a clinical setting. The Mealtime 
Audit Tool (MAT), a hospital staff-completed tool for the identification of FI barriers, was tested for 
feasibility and inter-rater reliability in a clinical setting. 
METHODS & MAJOR FINDINGS: Two studies were conducted as part of this thesis work. 
 Study 1: Patients from four Canadian hospitals (n=120) were recruited to participate in the 
feasibility testing of both the M-MIT and the MAT, as well as the criterion validation of the M-MIT. 
Participants estimated their food and fluid intake using the M-MIT at one mealtime. M-MIT results 
were validated against dietitian visual estimations of their FI for the same meal. At a separate 
mealtime, a dietitian completed the MAT with the participants, identifying the barriers that they 
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experienced at that mealtime. 78% of participants were able to estimate their FI on the M-MIT 
without error. Sensitivity and specificity of M-MIT’s ability to identify participants who consumed < 
50% of their meal were 76.2% and 74.0% (p <0.001) respectively, indicating sufficient criterion 
validity; sensitivity analyses including those who did not complete the tool resulted in a range of 
sensitivity from 53.3% to 83.3% and specificity from 60.0% to 78.9%. The results of the validity 
analyses, in combination with patient follow-up interviews and clinician feedback, were used to make 
revisions to the tool to improve the feasibility and ease of use of M-MIT. Descriptive analyses were 
conducted to characterize barriers experienced by participants according to the MAT, and clinician 
feedback was used to make revisions to the MAT before Study 2. 
 Study 2: Ninety patients from multiple medical and surgical units in a Canadian hospital 
were recruited to participate in the inter-rater reliability testing of the MAT across 30 different 
mealtimes. Two auditors completed the MAT with each of the 90 participants within a few minutes of 
each other after the participants had completed their meals. The MAT tabulates a total score of the 
number of barriers (out of 18) experienced at a mealtime. Total MAT scores between the two auditors 
showed good agreement, with an intra-class correlation coefficient (ICC) of 0.68 (0.52-0.79). About 
two-thirds of the 18 barrier items listed on the MAT showed good to excellent agreement between the 
two auditors, according to calculated kappa statistics. The inter-rater reliability analyses, descriptive 
analyses, and clinician feedback from Study 1 and Study 2 were used to make revisions to improve 
functionality and ease of use of the MAT. 
OVERALL CONCLUSIONS: The studies within this thesis have shown the M-MIT and MAT have 
good potential for use in clinical practice. If implemented into use, the tools have the potential to play 
a role in improving nutrition care. These tools could help standardize processes (FI monitoring, 
assessment of FI barriers) that are currently ad hoc or non-existent. However, changing existing care 
practices is an extremely complex task. There is still work to be done to further test and refine the 
tools, as well as to determine whether these tools can feasibly be integrated into routine practices, and 
if their use leads to improvement in patient outcomes. 
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Chapter 1 
Introduction 
In acute care hospital wards malnutrition, or undernutrition, is a prevalent threat that is under-recognized 
and undertreated
1
 especially among elderly patients (65+ years)
2,3
. Malnutrition prevalence data varies 
greatly in the literature due to a lack of consensus around a clinical definition of ‘malnutrition’ and due to 
the numerous diagnostic tools and methods used to measure nutritional status that exist.
4,5
 However, with 
45% of patients in Canada being admitted to hospital already malnourished
6
 and other prevalence rates 
quoted in existing literature as ranging from approximately 10-70%
7-20
, malnutrition in hospitalized 
patients is a significant issue. Furthermore, nutritional status tends to deteriorate in hospital due to the 
combined effects of insufficient nutritional intake and the patient’s medical condition.18 Being 
malnourished while in hospital is associated with adverse clinical outcomes such as increased risk of 
morbidity
5,17
, mortality
5,17,21,22
, and medical complications
18,23
, and increased lengths of stay (LOS)
17,21,22
 
and readmission rates
21,22
, when compared to well-nourished patients. Undernutrition is associated with 
impairments in every system in the body
18
, resulting in declines in functional status, immune function, 
muscle function, bone mass, cognitive function, wound healing, and delayed recovery from surgery.
18,23
 
The consequence is that malnourished patients require more care and take longer to recover, resulting in 
increased costs of care for malnourished patients.
17,22
 
 Food intake (FI), a primary determinant of nutrition status
6
, is generally insufficient to meet daily 
needs while in hospital
3,24-26
. Insufficient FI is also an independent predictor of in-hospital mortality
21,24,27
 
and LOS
6,21
. Thus, FI is considered an essential indicator of nutrition status that should be monitored in 
hospital patients.
28,29
 However, current FI and nutrition status monitoring practices are generally not 
standardized
30
, are completed inaccurately or not at all due to their reliance on busy nursing staff
31,32
, and 
due to resource constraints cannot be completed for all patients
30
. 
  2 
 Food intake is also impacted by barriers that exist in the hospital setting. These barriers are issues 
faced by patients that further prevent them from consuming enough food. Barriers can be physical (e.g. 
unable to cut food, open packages, or reach their meal tray, or being positioned uncomfortably) or 
organizational (e.g. food served at inconvenient times, missing food items, food not served hot, being 
disturbed or interrupted during the meal) in nature, or can simply be caused by poor food quality or foods 
that don’t meet the preferences of patients.33,34 The occurrence of these barriers can vary from hospital to 
hospital or between units within a hospital due to the physical and cognitive capabilities of the patients 
and the quality of nutrition care provided. Though knowledge of the occurrence of these barriers exists, 
little is done in practice to identify and remove barriers in order to improve the quality of nutrition care. 
 The Integrated Nutrition Pathway for Acute Care (INPAC) is a recently-developed evidence-
based and consensus-derived algorithm that was created as a set of best practice recommendations for 
nutrition care in acute care hospital patients.
35
 The aim of following INPAC’s care practices is to better 
detect, monitor, and treat malnutrition in this vulnerable population. During INPAC development, two 
needs were identified in order to facilitate the proposed improved nutrition care processes: 1) a standard 
way to accurately assess all patients’ FI, and 2) a tool that hospital staff could use to easily identify FI 
barriers. Thus, two novel tools were created in an attempt to meet these needs. To address the first need, 
the My Meal Intake Tool (M-MIT) was created. The M-MIT is a patient self-completed form that allows 
the patient to estimate their food and fluid intake for a single meal. It also allows patients to note any 
issues or challenges they had with the meal. To address the second need, the Mealtime Audit Tool (MAT) 
was created. The MAT is an interview-based questionnaire completed by hospital staff that allows them 
to identify barriers to FI that individual patients may have experienced during a mealtime. The MAT also 
allows the auditor to note any potential issues across the unit that may have impacted the mealtime 
environment. 
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 This thesis includes two studies that aimed to: 1) conduct criterion validity testing of the M-MIT, 
and 2) conduct inter-rater reliability testing of the MAT, in real-life clinical settings. The main objective 
of these studies was to determine if the tools had sufficient measures of validity and reliability, 
respectively, to be deemed acceptable for use in clinical practice. The M-MIT was tested for validity by 
comparing patient M-MIT estimations of their food and fluid intake against the criterion measure of 
visual estimation of patient intake by trained dietitians. The MAT was tested for inter-rater reliability by 
having two dietetic interns complete the tool with each patient involved in the study and comparing 
results between the two raters. Another aim in both studies was to use the quantitative data collected as 
well as qualitative comments and feedback from participants and staff to make revisions to the tools to 
improve their ease of use. 
 The M-MIT and MAT were created as potential tools that could be feasible for clinical use and if 
adopted into routine practices, could facilitate improvements to nutrition care in hospitals. Providing 
statistical evidence of their validity and reliability would enhance the rationale for hospitals to adopt these 
tools, within or outside of INPAC, into their standard care practices. The M-MIT and MAT are meant to 
be used for regular monitoring of FI and FI barriers. Regular monitoring practices are a common element 
of successful nutrition interventions.
36
 Developing tools and providing evidence for their use will not 
make a difference on their own, however. Making changes to care processes, even small changes, can be 
incredibly complex. Further research would need to uncover whether these tools can be implemented into 
routine care practices, the steps necessary to successfully implement them, and whether they contribute to 
producing a change in malnutrition-related outcomes. First and foremost, an acknowledgement is needed 
– that current practices in detecting, monitoring, and treating malnutrition in hospital are not up to par. 
This acknowledgement needs to be multi-level and start from hospital management, who must recognize 
that a culture change is needed towards promoting and improving nutrition.
37
 The culture change needs to 
extend to all levels – from the organizational, to the staff, to the patient-family level – to increase 
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awareness of the prevalence of malnutrition and why it is a problem.
37
 Only then can tools such as the M-
MIT and MAT, and care processes such as the INPAC, be implemented effectively and real changes be 
made. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  5 
Chapter 2 
Background 
Malnutrition is a broad term that encompasses either a deficiency or an excess of energy, protein, and/or 
other nutrients. In clinical practice, deficiency or undernutrition, is the main concern.
38
 Undernutrition is 
defined as a pathological state caused by the inadequate intake of energy, protein, and/or nutrients that 
affects body composition, functional ability, and overall health
38,39
, leading to impaired clinical outcomes 
from disease.
4
 From this point the term malnutrition will be considered synonymous with undernutrition. 
The causes of malnutrition are multi-factorial in nature. In disease, injury, or aging, malnutrition can be 
caused or exacerbated by inadequate intake, increased nutritional requirements (i.e. due to medical 
condition), impaired nutrient absorption, transport or utilization, or by any combination of these.
5 
 Though the definition of malnutrition is well-accepted, there is yet to be a universally accepted 
set of diagnostic criteria for the condition. Both the American Society for Parenteral and Enteral Nutrition 
(ASPEN) and the European Society for Clinical Nutrition and Metabolism (ESPEN) have recently 
published consensus statements
4,5
 attempting to standardize the definition. ASPEN (2009) suggested a 
diagnosis of malnutrition should have two or more of the following criteria: insufficient FI, recent weight 
loss, loss of muscle mass, loss of subcutaneous fat, localized or generalized inflammation, and diminished 
handgrip strength (as a measure of diminished functional status), with differential designations for 
‘mild/moderate’ and ‘severe’ malnutrition for each of the six criteria.5  ESPEN’s suggested diagnostic 
framework (2015) contains fewer criteria and more objective cut-off values for diagnosis. According to 
ESPEN, unintentional weight loss (>5% over the last three months for acute illness or >10% of habitual 
weight indefinite of time for chronic conditions) combined with one of either: low BMI (<20 kg/m
2
 for 
<70 years of age; <22 kg/m
2
 for 70 years and older) or low fat free mass index (FFMI) (females: <15 
kg/m
2
; males: <17 kg/m
2
) is enough for a malnutrition diagnosis. They also suggest that immediate 
diagnosis of malnutrition is warranted for any patient with BMI <18.5 kg/m
2
.
4
 Although these attempts to 
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standardize diagnosis have been made, there is still no universally accepted definition, set of diagnostic 
criteria, nor a standardized measurement method or tool to diagnose malnutrition. 
2.1 Malnutrition in Hospital 
Malnutrition is a prevalent issue in the hospital patient population that is under-recognized and 
undertreated.
1
 This is especially true when it comes to elderly hospital patients.
2,3
 In Canada, 45% of 
patients are admitted to hospital already malnourished according to Subjective Global Assessment (SGA) 
(either moderate or severe malnutrition).
6
 Other studies in various settings and hospital populations have 
reported the prevalence of malnutrition to be anywhere from 11-71%.
7-20
 The wide range of reported 
prevalence rates could be due to the different populations studied, but also due to the lack of agreed upon 
diagnostic criteria and therefore the variety of diagnostic methods used in these studies. Regardless the 
fact remains that a large portion of the hospitalized population is affected by a diminished nutritional 
state.  
Being malnourished in hospital carries with it significant clinical and economic implications. 
Malnourished patients have an increased risk of morbidity
5,17
 and mortality
5,17,21,22
, are more likely to be 
readmitted
21,22
 and are more likely to be hospitalized longer
17,21,22
 than well-nourished patients. 
Undernutrition is associated with impairments in every system in the body
18
, resulting in declines in 
functional status, impaired muscle function, decreased bone mass, immune dysfunction, anemia, reduced 
cognitive function, poor wound healing, and delayed recovery/increased risk of infection after surgery, 
among other potential complications.
18,23
 Thus, malnourished patients require more care and take longer 
to recover, resulting in increased costs of care for malnourished patients.
17,22
 In Canada, the cost of care 
for a malnourished patient was found to be approximately $2000 more per patient per stay than for a well-
nourished patient.
40
 Furthermore, nutritional status tends to deteriorate while hospitalized due to the 
combined effect of insufficient intake and the patient’s medical condition, which can result in increased 
metabolic demands, impaired nutrient utilization and/or increased nutrient losses.
18
 Preventing nutritional 
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decline and improving nutritional status can play a significant role in improving patient outcomes. The 
Nutrition Care in Canadian Hospitals (NCCH) study found that patients who were admitted already 
malnourished and improved their nutritional status while in hospital had shorter lengths of stay than those 
who did not improve.
6
 Elderly hospital patients are especially susceptible to weight loss and malnutrition 
due to age-related reductions in appetite, sense of taste and smell, and oral health.
41
 Older patients are also 
more likely to be co-morbid
41-43
, and thus more likely susceptible to the nutritional effects of their 
multiple medical conditions and medications. Certain age-related conditions, such as dementia and 
Alzheimer’s disease (AD), can increase risk of malnutrition as well by impairing the desire or ability to 
eat.
41 
Weight loss, a classic sign of malnutrition, can develop through numerous mechanisms in 
hospital patients as a result of insufficient FI, injury or illness, and/or a lack of physical activity. 
Insufficient nutritional intake is the most obvious mechanism and can lead to wasting, which is an 
involuntary loss of weight due to a negative energy balance
41
, and eventually malnutrition. Many acute 
illness or injury states can lead to the development of cachexia, an involuntary loss of fat-free mass 
(FFM). Cachexia can develop in the presence of an acute immune response, in which pro-inflammatory 
cytokines are released to deal with the metabolic stress. Such a response results in an increase in resting 
energy expenditure (REE), causing a rapid disease-related loss of FFM.
41
 Weight loss caused by cachexia 
does not respond to feeding.
44
 Sarcopenia is an involuntary loss of muscle mass due to physical inactivity 
and the age-related increase in concentration of pro-inflammatory cytokines.
41,45
 Sarcopenic muscle loss 
improves in response to resistance exercise but evidence is inconsistent for a response to re-feeding.
45,46
 
2.2 Insufficient Food Intake in Hospital 
Food intake is a primary determinant of nutrition status. Both the ASPEN and ESPEN diagnostic 
recommendations for malnutrition considered FI within their criteria. As one of six possible criteria, 
ASPEN defined intake of < 75% of one’s estimated energy requirements (EER) for > 7 days as a sign of 
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mild malnutrition and intake of ≤ 50% of EER for ≥ 7 days as a sign of severe malnutrition.4 ESPEN did 
not recommend an assessment of FI specifically as a diagnostic criteria; however they rationalized that 
low intake would be captured under the ‘unintentional weight loss’ component of their criteria.5 Similar to 
malnutrition, low FI is also an independent predictor of in-hospital mortality
21,24,27
 and LOS
6,21
, as low 
intake can lead to nutritional decline in patients hospitalized over extended periods of time.
47
 Thus, 
ensuring sufficient FI for hospital patients would be a logical step in reducing the occurrence or 
perpetuation of malnutrition and negative clinical outcomes. Of course, this solution is not simple as the 
issue of malnutrition is much more complex. A number of interacting factors can affect nutrition status 
and influence the likelihood of patient outcomes, including FI, along with gastrointestinal status, disease 
effects on nutritional requirements, and the current direction of change in the patient’s nutrition status.48 
 Food intake is generally decreased compared to normal levels when in hospital. Appetite is the 
primary determinant of FI and is a major cause of insufficient intake leading to wasting and 
malnutrition.
41
 Appetite can be depressed due to the patient’s medical condition, their medications or 
treatments and their side effects
49
, the lack of physical activity that occurs in hospital, or simply due to the 
stress of hospitalization
41
. Combined with the aforementioned increase in metabolic demands and nutrient 
losses caused by the medical condition that further increase the patient’s nutritional requirements, meeting 
nutritional needs in hospital can be especially challenging. 
 The significant prevalence of insufficient intake in hospital patients is well-documented. Thibault 
et al.
49
 found that approximately 70% of patients in a Swiss hospital did not meet their recommended 
energy and/or protein needs over a 24 hour period. Dupertuis et al.
25
 also reported that 70% of patients 
consumed below their daily recommended energy and/or protein needs, while 43% of patients consumed 
below their minimum daily needs. In fact, some patients that consumed all of the food they were provided 
still fell below their recommended needs in the study. Furthermore, Mudge et al.
3
 reported that 59% of 
hospitalized older adults did not even consume enough energy to meet their REE requirements, and 92% 
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did not consume enough to meet their estimated total energy expenditure (TEE) requirements. Finally, 
analysis of approximately 21,000 cross-sectional surveys from the 2007 & 2008 nutritionDay™ 
questionnaires across Europe and Israel found that almost half (47%) of patients consumed fewer calories 
than their estimated requirements.
26
 The prevalence of insufficient food and nutrient intake can be quite 
variable from hospital to hospital due to differences in food and nutrition care quality (e.g. food delivery 
systems, support for eating, etc.) and patient populations; yet the fact remains that many patients do not 
meet their nutritional needs, placing patients at risk of nutritional declines and impaired recovery. 
2.2.1 Monitoring food intake in hospital – The need for a tool to monitor all patients 
The practice of regular monitoring of nutritional status indicators is a common element of successful 
nutritional interventions.
36
 FI is considered an essential indicator of nutritional status in hospital 
patients
28,29
; an insufficient intake indicates the need for further nutritional intervention. Body weight is 
also commonly monitored as an indicator of nutritional status
28,29
, however it is not as reflective of 
nutrition as FI, as body weight in acutely ill patients is often influenced by fluid shifts and systematic 
inflammation and therefore is not specific enough to a patient’s nutritional status.48,50 Plasma levels of 
acute phase proteins such as serum albumin and prealbumin have also previously been used as indicators 
of nutrition status, but it has been demonstrated that these blood markers do not predictably change with 
weight loss or calorie restriction and thus are also not valid nor meaningful for predicting changes in 
nutrition status.
5,48,50 
 Weighed food records are generally considered the gold standard method for monitoring FI with 
pre- and post-meal food weighing.
31,51,52
 This method involves weighing the remaining waste of each food 
item after the meal and comparing it to the weight of the food provided in order to determine the 
proportion of the meal consumed. The proportions are then used to calculate intake of 
energy/protein/nutrients, etc. Food weighing, while highly accurate, is also very expensive, time-
consuming, and disruptive,
51-53
 and thus generally only used in a research context. Visual estimation (VE) 
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of plate waste is a less intrusive method that has been validated against the weighing method in a number 
of research settings
51,53,54
, including in elderly hospital patients
55
. VE uses a meal portion (MP) method of 
estimation, in which the proportion of the meal consumed (i.e. <25%, 25%, 50%, 75%, >75%) is 
estimated and used to calculate energy/protein/nutrient intake.
55
  
Current clinical practice commonly uses calorie counts to estimate patients’ food intake. A calorie 
count is a monitoring method that uses VE of tray waste to calculate energy and protein intake.
56
 The 
calorie counts are usually completed by the nursing staff, who are typically untrained on proper 
estimation methods; they must also complete these calorie counts on top of their numerous other 
responsibilities.
30
 Thus it is not surprising that calories counts are often inconsistent and inaccurate
32
, and 
often are not completed at all.
31
 Furthermore due to the time constraints of the nursing staff, calorie counts 
are only assigned to certain patients; most hospitals simply do not have the resources nor time to provide 
this detailed assessment of FI for every patient.
30,31
 
 Time and resource constraints make it impossible for all patients to have their FI monitored using 
current methods. As a result, FI is often missed as a ‘vital statistic’ for monitoring the recovery of the 
patient, despite being considered an influential indicator.
28,29
 To be useful for monitoring on all patients, a 
potential tool needs to be simple and efficient, and would likely need to be completed by the 
patient/family or health care/dietary aid, therefore requiring minimal skill. The patient food intake 
questionnaire used in the annual nutritionDay™ survey24,49 is a self-completed FI monitoring tool that 
uses a MP estimation method. While most commonly used in research for the aforementioned 
nutritionDay™ survey, the self-completed tool does allow the monitoring of all patients to be possible. 
However, no validation or reliability testing of this tool has been reported. If criterion validity
57
 were to 
be determined for a similar patient self-completed tool, this would present the possibility of a useful 
monitoring tool for all patients that could be used in clinical practice.  
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A food intake self-monitoring tool validated against accurate FI estimation methods would be 
greatly beneficial to improving nutrition care in hospitals. Such a tool could standardize a currently 
unstandardized practice and could help improve the process of identifying patients that may need 
nutritional support or a dietitian consult. Early involvement of dietitians and individualized nutrition 
treatment for malnourished patients improves FI and body weight
58,59
, reduces complications
59
, 
mortality
60
, readmissions
59
, and length of stay
61,62
. However, current identification practices often result in 
an inefficient use of dietitian resources. Currently, inefficient practices are employed to identify patients 
in need of consultation, such as by dietitians reviewing admissions for diagnosis and diet order or 
attending rounds
32,52
 to subjectively determine who may benefit from consultation. These practices are 
time-consuming for dietitians, whose services are already a limited resource in many hospitals.
30
 A study 
by Keller et al.
30
 of medical and surgical ward patients across 18 Canadian hospitals found that 44% of 
patients who received a dietitian consult over the course of their hospital stay were well-nourished (i.e. 
likely did not need nutritional support). The study also found that approximately 75% of moderately 
malnourished and 60% of severely malnourished patients were not assessed or treated by dietitians, 
underlining the fact that malnutrition in hospital is severely under-recognized and under-treated. Current 
practices do not support the idea of ‘ethical screening’, as monitoring of all patients does not occur and 
assessments are not targeted at the patients who need them.
30
 Improving FI monitoring practices would go 
a long way in bridging the gaps that exist. 
2.3 Barriers to Food Intake in Hospital 
Within the past decade, research has emerged
33,34,63-71
 identifying the existence of FI barriers in hospitals, 
which can be thought of as any issues faced by patients that further prevent them from achieving 
sufficient nutritional intake. These barriers can be physical
33,34
; for example if patients are unable to cut 
their food or open packages, are positioned uncomfortably to eat, or cannot reach their meal tray, they 
would have difficulty being physically able to consume enough of their meals to meet their needs without 
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assistance. Organizational barriers can include: food being served at inappropriate or inconvenient times 
for the patient, patients not being offered flexible menu choices, missing food items, or hot foods not 
being served hot.
33,34
 Organizational barriers can also be environmental, resulting in distracting eating 
environments due to excessive noise, unpleasant smells, or being interrupted during meals for tests, 
medications, physicians visits, etc.
33,34
 Poor food quality
33,34
 or food that doesn’t meet the preferences of 
the patient can act as barriers as well. If appetite is low patients will more likely eat preferred foods if 
they are going to eat anything at all. In turn desserts, which generally have lower protein and 
micronutrient content, can often become the most likely part of the meal to be consumed by patients.
72
 
People of different ethnic backgrounds may be dissatisfied with hospital food if their cultural preferences 
are not met by the food options
73
, leading to decreased FI. 
 Understanding on the importance of FI barriers is generally poor as this literature is only recently 
emerging, but studies that have been conducted seem to show that their existence is prevalent while the 
types of barriers observed can vary. For example, in a study of 764 British hospital patients, the most 
common barriers reported were: not wanting what was ordered once it arrived (67%), not receiving the 
food that was ordered (48%), being disturbed while eating by activities, noises, etc. (40%), dissatisfaction 
with taste (34%), and difficulty opening packets/unwrapping food (33%).
34
 In a study of 890 Canadian 
hospital patients across 18 hospitals
71
, the most common barriers reported by patients were: not receiving 
food when a meal was missed (69.2%), not wanting what was ordered once it arrived (58.0%), not getting 
help to eat meals when needed (42.2%), meals interrupted by staff (41.8%), and being disturbed while 
eating by activities, noises, or smells (38.9%). Additionally in the Canadian study, patients who were 
severely malnourished upon hospital admission were more likely to have experienced certain barriers 
(e.g. more likely to have: had eating difficulties; been disturbed or interrupted during meals; missed meals 
because of tests; not been able to choose foods they liked) compared to those who were well-nourished. 
Patients 65 years or older were more likely to have experienced eating difficulties (physical barriers) and 
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more reported that they were not able to choose foods that they liked.
71
 Older patients are also more likely 
to be comorbid
42,43
, which may further increase the risk of experiencing physical barriers
70
. Thus, older 
malnourished patients, who enter the hospital in greater need of sufficient FI to support their recovery, are 
more likely to experience challenges in actually receiving it.
 
2.3.1 How can we remove barriers to food intake in hospital? – The need for a barrier 
assessment tool 
Although it is more challenging to remove illness effects (e.g. impaired appetite)
71
 that lead to reduced 
intake, removing physical and organizational barriers is a feasible goal. Nutritional interventions, such as 
oral nutritional supplementation or nutritional support (aka artificial feeding) have been extensively 
studied, however very little research exists on interventions that focus on improving FI and removing 
barriers to food access in hospitals.
36
 ‘Protected Mealtimes’ (PM) is an initiative that was created with the 
aim of preventing these FI barriers from occurring. PM aims to protect mealtimes from unnecessary 
interruptions, provide an environment conducive to eating, allow staff to provide patients with support 
and assistance during meals, and place food first at mealtimes.
67
 With PM, effort is made to ensure that no 
non-urgent clinical activity is scheduled during mealtimes, and unit staff are encouraged to focus solely 
on the patients’ mealtime.74 In the few PM intervention studies that have been conducted to date, results 
have been mixed when it comes to reducing mealtime interruptions and increasing the provision of eating 
assistance; thus evidence that PM increases rates of protein/energy intake or nutritional status remains 
elusive.
74-78
 The one study that was able to show improved nutritional intake after PM implementation
78
 
reported that the proportion of patients classified as consuming ‘adequate’ energy was increased. 
However the increase in adequate energy intake was only associated with a decrease in patients who were 
consuming ‘borderline’ adequate energy intakes, while the proportion of patients with ‘poor’ intake was 
unchanged. A common reason cited for these inconsistent results, other than small sample size, was the 
irregularity in implementation of all aspects of PM – not all hospital wards fully complied with all of the 
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PM policies.
74,77
 The lack of evidence of the success of PM interventions could be misleading and is 
likely more reflective of the incredible difficulty in changing care processes, which requires widespread 
multi-level (organizational, staff, and patient-level) action in order to facilitate change.
37
 
 The existence of FI barriers combined with the difficulty of changing care processes underlines 
the necessity for a way to assess the existence of these barriers that could track whether improvements in 
care are being made. Although changing clinical practice can be difficult and complex, it has been shown 
to be possible; Dickinson et al.
68
 were able to make improvements to mealtime practices in a hospital 
ward through an ‘action learning’ process that focused on education of hospital staff involved in 
mealtimes and auditing the ward afterwards to support this change in practice. Regular auditing of 
mealtime barriers with an assessment tool (i.e. a questionnaire) could help to ensure that changes in 
practice are being implemented effectively. Such a practice, implemented in combination with multi-
disciplinary and multi-level strategies (e.g. educating management, staff, and patients themselves of the 
importance of nutrition, well-defined roles within the nutrition care process), can be effective in 
improving nutrition care and changing clinical practices.
79,80 
Developing a reliable mealtime assessment 
tool for clinical use would be the first step in making this possible, as regular auditing can be effective in 
improving clinical practice, especially when adherence to recommended practices is low.
81
 While a 
similar questionnaire for the assessment of patient food access issues was developed by Naithani et al.
34
 
that demonstrated some elements of validity and consistency, this questionnaire was designed mainly for 
research purposes and characterizes barriers experienced by patients throughout their hospital stay, as 
opposed to a single mealtime. A need exists for an assessment tool of mealtime barriers that can be 
applied in routine clinical practice and be used as a regular monitoring tool that can help to change 
practice. 
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2.4 The Integrated Nutrition Pathway for Acute Care (INPAC) 
The Integrated Nutrition Pathway for Acute Care (INPAC) is a recently-developed algorithm that was 
created as a best practice guideline for the nutrition care of acute care hospital patients.
35
 The aim of 
following INPAC’s guidelines is to instill processes that better detect, monitor, and treat malnutrition in 
this vulnerable population.
35
 The INPAC is evidence and consensus-based. The algorithm was developed 
based on existing literature of best nutrition care practice, and consensus among clinician experts was 
reached using a modified Delphi process to determine whether these practices were feasible in clinical 
settings and to come to agreement on certain aspects that were not covered in existing literature (such as 
timing of assessment and monitoring practices).
35
 The resulting INPAC details the specific care processes 
and suggested timing of these processes that should occur from the time a patient is admitted to hospital 
to the time that they are discharged, including planning of nutrition care steps that patients should take 
after they are discharged. The published INPAC pathway and guidelines are displayed in Appendix A. 
 Within INPAC, it was determined that FI should be the primary indicator used to drive a change 
in the nutrition care a patient receives.
35
 The INPAC also recommends the assessment of FI barriers for 
patients receiving an oral diet.
35
 Yet, no valid and reliable tools were available at the time of INPAC’s 
development to monitor these aspects of care. Thus, there was a need for: 1) a tool that could be used to 
accurately assess all patients’ FI, and 2) a tool that hospital staff could use to assess and identify barriers 
to FI while in hospital. As INPAC’s success is dependent on FI monitoring and assessment of barriers to 
intake, these tools are required for feasible implementation of INPAC. This thesis is focused on the 
development and initial testing of two tools in clinical settings; My Meal Intake Tool (M-MIT) and the 
Mealtime Audit Tool (MAT).  
2.5 Developing and Testing New Clinical Tools 
A number of steps need to be taken when developing and testing novel clinical tools.
82
 The first step is 
determining what needs to be measured and what are the criteria that the tool(s) needs to meet.
82
 Based on 
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the processes described in INPAC
35
, it was determined that a self-administered FI monitoring tool, and a 
staff-completed assessment of FI barriers in acute care hospital patients were needed. The next step would 
be to confirm the need to develop novel tools by examining and critiquing existing tools.
82,83
 In terms of 
FI monitoring, the only existing tool that was found that was patient self-completed (and therefore able to 
be completed for all patients) was the nutritionDAY™ FI questionnaire, which had not been validated in 
the literature and had deficiencies identified with it during its use in the NCCH study. Thus, development 
of a new tool, the M-MIT, was justified.
83
 The MAT was developed to meet the need for a tool to assess 
FI barriers, as existing tools (e.g. Naithani et al.’s questionnaire34) did not focus on barriers encountered at 
a single mealtime and were designed mainly for research purposes. 
 After determining that existing tools would not support the implementation of INPAC, the M-
MIT and MAT were both developed using expert clinician input that was gathered during development of 
the tools and helped determine what was to be included on them.
82
 Initial proforma drafts of the tools 
were also given to clinician experts for face validation
82
 and they were iteratively revised. The research 
conducted for the purposes of this thesis aimed to cover in-depth steps six through nine of Keller et al.’s 
“steps for developing an effective health measurement tool” (p.68)82. Specifically, this thesis aimed to 
revise M-MIT and MAT to optimize readability, clarity, and ease of use (step 6), determine what items 
should be kept, removed, or added to the tools (step 7), validate (step 8), and ensure test-retest reliability 
(step 9) of the tools.
82
 The latter two steps are especially imperative as evidence of reliability and validity 
are essential for a tool to be deemed useful.
83
 Reliability assesses the accuracy or repeatability of the 
results of the tool
84
 and validity indicates whether the tool actually measures what it is supposed to
85
. 
 The MAT was tested for inter-rater reliability, which measures the agreement between 
assessments when multiple raters assess the same subject.
84
 High inter-rater reliability indicates that a tool 
is reliable and is relevant when the tool is designed to be completed by various assessors.
84
 High inter-
rater reliability ensures test-retest reliability, as a valuable tool should result in respondents interpreting 
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the questions the same way across multiple administrations of the tool
82
 regardless of who is conducting 
the assessment. Only reliability was assessed for the MAT, as encountering FI barriers is a subjective 
experience for the patient with no known criterion for validation. However, MAT was based on the 
NCCH results and other empirical evidence, as well as face validated by content experts on the research 
team.   
 The M-MIT was tested for criterion validity, which measures how a tool compares to the gold 
standard assessment procedure.
85
 However, the gold standard measure of FI (pre- and post-meal food 
weighing)
31,51,52
 was impractical to use in the study setting. Besides being time-consuming and expensive, 
food weighing is disruptive to the normal eating routine.
51-53
 It is important to carry out validity studies in 
the setting in which the tool will be used
85, so disrupting patients’ mealtime routines would have affected 
the legitimacy of the study’s results. Thus, dietitian visual estimation, which has been validated against 
food weighing
51,53,54
, was chosen as the criterion measure to validate the M-MIT against. Inter-rater 
reliability testing of the M-MIT could not be readily conducted as it was designed to be a self-completed 
tool. In the future if staff are involved in assessing FI using M-MIT, a further study to assess this 
reliability would be required. As FI is variable within each patient from meal to meal, reliability testing 
(aka test-retest reliability) across meals would not be feasible either. Therefore, only criterion validity 
testing occurred for the M-MIT.  Following a systematic process for development and testing of these 
clinical tools promoted rigor and confidence in their utility for their designed purpose.  
2.6 Summary 
Being malnourished in hospital impairs recovery and leads to extra resources being spent on caring for 
those patients affected. Malnutrition’s prevalence is significant yet commonly goes unrecognized and 
unacknowledged as an issue, with already limited dietitian resources being misallocated. Insufficient FI, 
extremely common in the hospitalized population, exacerbates declines in nutrition status and contributes 
to malnutrition. FI barriers exist that make it more difficult than it already is for patients to eat enough 
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food. Current FI monitoring procedures are lacking in their accuracy and ability to monitor all patients. 
Assessment of FI barriers doesn’t normally occur in practice. The M-MIT and MAT are novel tools that 
have been developed as support tools for INPAC in an attempt to address these deficiencies in current 
nutrition care practice. The rationale for improving nutrition care is strong, as patients who improved their 
nutritional status in hospital have been shown to have had shorter lengths of stay than those who did not.
6
 
The research conducted for this thesis has attempted to validate the M-MIT, determine inter-rater 
reliability of the MAT, and make revisions to both tools to promote their acceptability for clinical use. 
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Chapter 3 
Research Questions 
For newly-developed screening, assessment, or monitoring tools to have true value, validity and reliability 
testing should be conducted in the clinical setting.
84,85
 The My Meal Intake Tool (M-MIT) and Mealtime 
Audit Tool (MAT), two novel nutrition care monitoring tools, were tested for criterion validity and inter-
rater reliability respectively, in two separate studies. The two studies involved in this thesis will be 
presented as manuscripts.  
The M-MIT is a novel patient self-completed tool that has been developed to measure the intake 
of a patient at a single meal. The aim of the first study was to assess criterion validity for the M-MIT – 
that is, whether the M-MIT correlates well with accepted measures
86
 – in order to determine if it was 
acceptable for clinical use. In this study, a meal portion VE method
55
 where a trained dietitian visually 
estimated the proportion of food and fluids consumed was deemed to be the most feasible and valid 
criterion measure to use for comparison. As the M-MIT is a patient self-completed tool and FI is variable 
within each patient from meal to meal, it was decided that measures of reliability could not readily be 
established. 
The MAT is a novel clinician-completed tool to assess barriers to FI experienced by patients at a 
single mealtime. The aim of the second study was to determine measures of inter-rater reliability of the 
MAT between two raters for each participant – that is, to determine whether MAT completion produced 
similar results between the two raters upon repeat administrations
87
 for each patient – in order to 
determine if it was acceptable for clinical use. As experiencing FI barriers is based on the subjective 
opinion of the patient with no known criterion to validate against, it was determined that validation testing 
could not be readily conducted for the MAT. A secondary aim in this study was to conduct descriptive 
analyses to characterize the barriers to FI observed in the elderly patient participants across the hospitals 
involved in the study to determine if barriers observed differed between hospitals. 
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Finally, for both studies, secondary aims included using both the quantitative data and qualitative 
feedback to make revisions to both tools to improve feasibility, functionality, and ease of use. Thus, the 
two studies aimed to answer the following research questions: 
3.1 Study 1: My Meal Intake Tool (M-MIT) – Validation of a novel food intake 
monitoring tool for acute care hospital patients against dietitian visual 
estimations 
Primary Research Questions: 
1) What is the M-MIT’s ability to accurately identify patients who consumed ≤ 50% vs. > 50% 
of the solid food provided when compared to a trained dietitian’s estimation of solid food 
intake for a single meal? 
Hypothesis: It was hypothesized that M-MIT estimation of solid food intake would be able to 
identify patients who ate ≤ 50% vs. > 50% with sensitivity and specificity values of at least 
70% when compared to dietitian visual estimations. Thus, it would be deemed acceptable for 
clinical use. 
2) What is the M-MIT’s ability to accurately identify patients who consumed ≤ 50% vs. > 50% 
of the fluids provided when compared to a trained dietitian’s estimation of fluid intake for a 
single meal? 
Hypothesis: It was hypothesized that M-MIT estimation of fluid intake would be able to 
identify patients who drank ≤ 50% vs. > 50% with sensitivity and specificity values of at least 
70% when compared to dietitian visual estimations. Thus, it would be acceptable for clinical 
use. 
  Secondary Research Questions: 
1) Does patient age (< 80 years vs. ≥ 80 years) affect the sensitivity and specificity of both the 
solids and fluids sections of the M-MIT? 
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2) Does patient gender affect the sensitivity and specificity of both the solids and fluids sections 
of the M-MIT? 
3) Does patient education level (less than high school vs. greater than high school education) 
affect the sensitivity and specificity of both the solids and fluids sections of the M-MIT? 
4) Does patient appetite at the mealtime (very good/good vs. fair/poor according to M-MIT 
completion) affect the sensitivity and specificity of both the solids and fluids section of the 
M-MIT? 
5) What improvements/revisions can be made to the M-MIT based on the quantitative validity 
analyses and qualitative feedback and suggestions from participants and hospital staff to 
improve its feasibility and ease of use? 
3.2 Study 2: The Mealtime Audit Tool (MAT) – Inter-rater reliability testing of a 
novel tool for the monitoring and assessment of food intake barriers in acute care 
hospital patients 
Primary Research Questions: 
1) What is the reliability between raters for the total MAT score (out of 18) of barriers 
experienced? 
Hypothesis: It was hypothesized that the intra-class correlation (ICC) statistic would be 
acceptable for clinical use, with an ICC rating of at least good (0.60-0.75) to excellent (> 
0.75)
88
 between raters. 
2) What is the reliability between raters for each of the 18 barrier items listed on the MAT? 
Hypothesis: It was hypothesized that the kappa statistics calculated for each patient-level 
barrier listed on the MAT (n=18) would be acceptable for clinical use, with kappa statistics 
calculated between raters ranging from fair/good (0.40-0.75) to excellent (> 0.75).
89
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 Secondary Research Questions: 
1) What were common barriers observed among the patient participants? Was there a difference 
in the mean number of barriers experienced across the hospitals? 
2) What improvements/revisions can be made to the MAT based on the quantitative analyses 
and qualitative feedback and suggestions from hospital staff to improve its feasibility and 
ease of use? 
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Chapter 4 
My Meal Intake Tool (M-MIT) – Validation of a novel food intake 
monitoring tool for acute care hospital patients against dietitian visual 
estimations 
4.1 Abstract 
Background: Malnutrition, while prevalent in hospital patients, is generally under-recognized and 
undertreated and associated with adverse outcomes, like prolonged length of stay (LOS). Food intake (FI) 
is a useful indicator of changes in nutritional status in hospital and is also independently associated with 
LOS. Current FI monitoring practices completed by nursing staff are impractical for all patients and 
existing self-completed tools have not been tested for validity.  
Objectives: To determine whether the patient completed My Meal Intake Tool (M-MIT), can accurately 
represent food and fluid intake at a single meal in medical and surgical hospital patients.  
Methods: 120 patients over the age of 65 from four Canadian hospitals with adequate cognition 
completed M-MIT for a single meal. Food and fluid waste was visually estimated by a dietitian at each 
hospital site. Sensitivity (Se), specificity (Sp) and overall agreement were calculated for both solid food 
and fluid intake by comparing M-MIT and dietitian estimations to determine criterion validity of M-MIT; 
two different cut-off points for low intake (≤ 50, and ≤ 75%) were used. Sensitivity analyses were 
completed for those with missing data on M-MIT. Descriptive and bivariate analyses were also performed 
to explore the data and any differences in accuracy due to patient characteristics. Patient and dietitian 
comments on the tool were used to make revisions. 
Results: Using the cut-point of ≤ 50% Se was 76.2% and 61.9% and Sp was 74.0% and 80.5% for solid 
and fluids respectively (p < 0.001). Se increased for both solids (81.8%) and fluids (79.1%) using the ≤ 
75% cut-point; sensitivity analyses increased and decreased Se and Sp depending on assumptions with 
respect to intake made for patients who did not complete the M-MIT (~20%). M-MIT identified a greater 
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proportion of participants (37.2%) as having low FI (≤ 50%) than dietitians (25.0%), as well as a greater 
proportion identified with low fluid intake (28.3% vs. 24.6%).  
Conclusion: M-MIT is valid for use in older medical and surgical patients based on the SE and SP results 
for those with complete data. Modest revisions were made to M-MIT to improve functionality.  M-MIT 
provides a practical tool for monitoring FI in hospital. 
4.2 Introduction 
In acute care hospital wards malnutrition is a prevalent threat that is under-recognized and 
undertreated
1,2,39,90
, especially among older patients (65+ years)
2,3,41,90
. The Canadian Malnutrition Task 
Force (CMTF) found that 45% of patients across 18 hospitals were malnourished according to Subjective 
Global Assessment (SGA) upon admission to hospital
6
; other studies have found the prevalence of 
malnutrition to be anywhere from approximately 10-70%
7-20
. Hospital malnutrition is associated with 
adverse outcomes such as increased morbidity
5,17
 and mortality
5,17,21,22
 rates, and malnourished patients 
can increase strain on limited resources due to increased readmission rates
21,22
 and lengths of stay 
(LOS)
17,21,22
. This results in a greater cost of care for a malnourished patient compared to a well-nourished 
patient.
17,22,40
  Insufficient food intake (FI) is commonplace while in hospital with anywhere from 40-90% 
of patients reported as not having consumed enough to meet their daily energy or protein 
requirements
3,25,26,49,91
, even when the nutritional content of meals provided was sufficient for meeting 
daily needs.
25,91
 Low intake puts patients at further risk of declines in nutritional status when intake is low 
for extended periods of time
47
. Additionally, insufficient FI is an independent predictor of malnutrition-
related outcomes such as in-hospital mortality
21,24,27
 and LOS
6,21
. 
Patient FI is commonly monitored as an indicator of nutritional status
28,29
 due to their direct 
relationship
47
. It may be a more useful monitoring measure in acute care than body weight, which can be 
challenging to collect and may be affected by other factors such as inflammation and fluid shifts, making 
it less specific to nutritional status.
48,50
 Blood markers (e.g. serum albumin, prealbumin) have previously 
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been used as indicators of nutritional status, but these may also be influenced by systemic inflammation 
and thus levels of these markers also tend to lack specificity.
5,48,50
  
Current practice in FI monitoring includes the use of calorie counts on nursing flow sheets that 
variably report on intake and may not be linked to consequent interventions when intake is poor.
30
 Calorie 
counts are prescribed when a detailed data collection is required, taking precious time of nursing staff, 
and are thus reserved for monitoring intake only for a select number of patients who have been identified 
for follow-up.
30
 Additionally, Palmer et al. (2014) reported that FI assessments completed by nursing 
staff, who are generally untrained in estimating FI, are not accurate and often are not done at all due to 
time constraints.
31
 There is a need for a patient-completed tool as most hospitals have neither the time nor 
the resources to have staff (e.g. nursing) accurately monitor the intake of every patient. Such a tool would 
not be a panacea, as it may not be feasible for those with low literacy, delirium, or dementia. But for 
many patients, this could be a mechanism for readily obtaining sufficient detail on intake to determine the 
necessity of further nutrition intervention. Self-completed tools exist, such as the food intake 
questionnaire used in the annual nutritionDAY™ survey24; however, none have been validated in the 
existing literature nor are they widely used outside of clinical research.  
 The My Meal Intake Tool (M-MIT) is a patient self-completed form that aims to provide an 
estimate of the patient’s food and fluid intake for a single meal. The tool was created to support the 
recently-developed Integrated Nutrition Pathway for Acute Care (INPAC), an evidence and consensus-
based nutrition care algorithm that is meant to be a set of best practice guidelines for nutrition care of 
acute care hospital patients.
35
 The aim of following the care practices outlined in INPAC is to better 
detect, monitor, and treat hospital malnutrition.
35
 Based on previous work that identified that poor FI was 
associated with adverse malnutrition-related outcomes (LOS
6,21
, mortality
21,24,27
), regular FI monitoring of 
all patients was recommended in INPAC to serve as the primary driver for determining when changes in 
nutrition care were necessary.
35
 Specifically, FI of < 50% within the first week of stay has been 
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independently associated with LOS
6
, so within INPAC it was recommended that increased nutrition care 
is necessary if patients are identified as eating less than half of their food
35
. 
The primary aim of this study was to determine whether the M-MIT was valid and thus 
sufficiently accurate to be deemed suitable for use with hospital patients in acute care hospital wards. 
Criterion validity
57
 of the M-MIT was determined with visual estimations of patient intake by trained 
dietitians serving as the criterion measure for comparison. An additional objective was to combine the 
results of the validity analyses with qualitative comments and suggestions from patient participants and 
hospital staff in order to make improvements to M-MIT’s to promote clarity and ease of use. 
4.3 Methods 
4.3.1 My Meal Intake Tool (M-MIT) 
My Meal Intake Tool (M-MIT) is a patient self-completed form that aims to provide an estimate of the 
patient’s food and fluid intake for a single meal. M-MIT’s template was based on the aforementioned 
nutritionDAY™ patient food intake questionnaire, which had been used in the Nutrition Care in Canadian 
Hospitals (NCCH) study conducted by the CMTF.
6
 Based on that experience with this tool, a variety of 
adaptations were made. For example, the M-MIT was streamlined to include only the relevant 
information that was contained on the nutritionDAY™ questionnaire, clear instructions were written, and 
font was enlarged. The plate rating method was retained (e.g. 25%, 50%, etc. consumed), and a similar 
rating was developed for each fluid on the tray. Additionally, reasons for low consumption and barriers to 
FI were streamlined based on the NCCH survey results.
71
 The draft M-MIT underwent several revisions 
made by a small group of investigators (n=4), and was then taken to five clinician experts for face 
validation
57 
and further revisions. 
The tested version of M-MIT (Appendix B) instructed patients to estimate the total proportion 
consumed of all solid foods they were provided at that meal, by marking the corresponding checkbox: < 
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25%; 25%; 50%; 75%; > 75%. The proportions were accompanied by visual diagrams of plates that used 
shading to indicate how much food was remaining. To estimate fluid consumption, patients were 
instructed to list each fluid provided at the meal (e.g. milk, juice, coffee, supplement, etc.) and to choose 
the corresponding proportion (< 25%, 25%, 50%, 75%, > 75% consumed) for each fluid provided. Again, 
each proportion was accompanied by a visual diagram of cups with different levels of shading that 
indicated how much liquid was left. The reverse side of the form contained two questions. The first asked 
how the patient’s appetite was at that meal (“Very Good/Good” or “Fair/Poor”) and asked the patient to 
identify the reason for having a fair/poor appetite (“I was not interested in eating”, “I had 
nausea/vomiting”, “I was tired”, “I had pain”, “I ate outside foods and was not hungry”, “Other”). The 
second question asked the patient about challenges they may have had during the meal. Seven options 
were provided: “I did not like the food”; “I needed assistance to eat my meal”; “I have problems 
chewing/swallowing”; “I was not allowed to eat”; “I did not get what I ordered”; “The environment was 
not appetizing”; and “Other”. Finally, a comment box was provided for the patient to indicate anything 
else they felt was relevant. A French translation version was also created. 
4.3.2 Subjects 
Recruited participants (n=120) were over the age of 65. This data collection was part of a multi-
component study focused on frail older adults admitted to hospital; three components were collected for 
an initial assessment of their feasibility, including the M-MIT, an assessment tool of mealtime barriers, as 
well as post hospital follow up on nutrition services in the community. To be included in the study, 
participants needed to be: admitted from home; likely to be discharged home; admitted to a medical or 
surgical unit; able to speak and read English or French; not cognitively impaired; and likely to be 
admitted for 2-5 days. Participants were recruited from multiple units in four Canadian hospitals (30 
patients/hospital). The participating hospitals were diverse in terms of region, type, size, and primary 
language (Table 1). Patients illiterate in English or French, those who had poor cognitive capacity (e.g. 
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unable to understand consent process), and those who did not provide consent were excluded.  In all 
hospitals, nursing staff who were part of the patients’ circle of care made the initial approach to 
prospective participants to garner their interest in being part of the study and their consent to have the site 
dietitian approach the patient with more information about the study. Nursing staff determined which 
patients had sufficient cognitive abilities based on their admission assessments. Once prospective 
participants were identified, they were approached by the dietitian at each hospital site, who provided 
them with detail about the study and gathered their written consent to participate. The following 
demographic information was collected at the time of consent based on the patients’ charts and self-
report:  gender, year of birth, reason for admission, highest level of education, and living situation in the 
community (lives alone, lives with spouse, lives with spouse and other family, lives with other 
family/friends). 
4.3.3 Data Collection 
Data collected consisted of patient-completed M-MIT forms and dietitian visual estimations of each 
participant’s consumption of a single meal. Participants identified on the M-MIT form which meal was 
being assessed (breakfast, lunch, dinner). Each hospital had one designated dietitian complete the visual 
estimations and interact with the patients. The meals that were chosen for monitoring were based on the 
dietitians’ discretion. Training for the study procedures was conducted by teleconference and where 
considered necessary, the dietitians were encouraged to practice estimating fluid and food portions 
consumed prior to the conduct of the study.  
Before the selected meal to be estimated, the dietitian provided participants with the M-MIT form 
and gave no verbal instructions, other than to complete the form after the meal and to place the M-MIT in 
the provided envelope when complete. Participants completed M-MIT independently to the best of their 
ability after the designated meal, by estimating the proportion (%) of total meal tray solids they 
consumed, the proportion consumed of each fluid provided at that meal, completing the questions on the 
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reverse side regarding appetite and eating challenges, and providing any other comments they had about 
the meal.  If participants were physically unable to complete the form themselves, family 
members/visitors/staff were allowed to complete it with them. However, proxies were instructed not to 
make the estimations themselves, but to verbally ask the participant the questions on the M-MIT and 
record their answers without influencing them. 
Upon participant completion of the meal, dietitians retrieved the meal tray and visually estimated 
the proportion of each food and each fluid item consumed by estimating the amount of waste/leftovers 
based on the items that were listed on the patient meal tickets. They were blinded to the patients’ M-MIT 
results when this visual estimation was completed. The dietitians’ visual estimations (VE) served as the 
criterion and the M-MIT estimations were compared to these reference values.  The dietitians then 
conducted a brief follow-up interview using standardized questions with the participants, which asked 
them to describe whether the instructions were easy to follow, whether they understood how to identify 
how much food and fluids were consumed, whether the appetite and eating challenges questions were 
easy to understand, and if participants would make any changes to the form. Dietitians wrote detailed 
responses for these open-ended questions. Ethics clearance for the data collection was obtained through a 
University of Waterloo Research Ethics Committee (Appendix C), as well as through the ethics board of 
each individual hospital involved. 
4.3.4 Analysis 
Descriptive analyses (mean, s.d., proportions) were performed for patient demographics, food and fluid 
intake according to VE and M-MIT, reasons for low appetite, and challenges experienced.  M-MIT forms 
were reviewed to qualitatively determine challenges and errors made by participants with completion of 
the M-MIT (e.g. multiple checkmarks made, incomplete forms etc.). Chi square, ANOVA, and z-tests 
were used to determine significant differences among these descriptive statistics, where applicable. 
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To determine criterion validity of solid food consumption according to the M-MIT, sensitivity 
(Se), specificity (Sp), and overall agreement with dietitian VEs were calculated. As the M-MIT only 
provided one overall proportion of solids consumed at the meal, while dietitians visually estimated 
proportions consumed for each solid food item, the dietitian VEs were averaged to determine the overall 
proportion of total food consumed. Both the M-MIT and VE estimations were dichotomized to either ≤ 
50% or > 50% consumed for this analysis. The 50% cut-point was chosen to represent low intake as an 
association has been demonstrated between eating less than half of the food provided at one meal and 
length of hospital stay.
6
 Additionally, 50% is the suggested cut point used to define low intake within 
INPAC.
35
 Overall agreement represented the proportion of M-MIT and VE estimations that corresponded 
according to the dichotomized intake results. Se represented the proportion of M-MIT estimations of ≤ 
50% consumption that corresponded with VE of ≤ 50% consumption. Sp represented the proportion of M-
MIT estimations of > 50% that corresponded with VE of > 50%. VE was considered the ‘true’ criterion 
measure of patient intake. To calculate Se and Sp, two-by-two Chi square analysis was  used to provide 
raw counts of how many VE and M-MIT estimations corresponded (top left: VE ≤50%/M-MIT ≤ 50%; 
top right: VE ≤ 50%/M-MIT > 50%; bottom left: VE > 50%/M-MIT ≤ 50%; bottom right: VE > 50%, M-
MIT > 50%). Se and Sp were then calculated by hand. Se and Sp analyses were also stratified by gender, 
age (< / ≥ 80 years), education level (less than high school vs. graduated high school), and appetite (very 
good/good vs. fair/poor) to determine if these characteristics affected the accuracy of M-MIT completion. 
Where possible, z-tests were performed to determine significant differences between Se, Sp, and overall 
agreement for these characteristics. 
Similarly, overall agreement, Se and Sp analyses were also performed to determine the criterion 
validity of fluid consumption according to the M-MIT. Since both the M-MIT and VE estimations listed 
each individual fluid, both estimations were averaged to determine the proportion of total fluids 
consumed. Similar to the analysis of solid food intake, both the M-MIT and VE estimations were 
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dichotomized to ≤ 50% or > 50% consumed, with the dietitian estimations representing the ‘true’ intake 
of the patient. Se and Sp analyses were also conducted individually for juice, coffee/tea, and milk, which 
were the most commonly provided fluids. Finally, Se and Sp analyses for total fluids were stratified for 
the same demographic characteristics (gender, age, education level) and appetite level with z-tests for 
significant differences between proportions, as in the analysis for solid consumption.   
Overall agreement, Se, and Sp for both solids and liquids were also calculated using ≤ 75% and > 
75% as an alternative cut-off point. This was done in order to achieve more even cell counts within the 
Chi squares than with the ≤ 50%/> 50% cut-point. Sensitivity analyses were also completed to determine 
the effect of missing data on Se, Sp and overall agreement assuming incomplete or incorrectly completed 
M-MIT forms represented 1) “low” (≤ 50%) intake, or  2) “sufficient” (> 50%) intake. 
4.3.4.1 Determination of acceptable Se/Sp and sample size 
A priori, it was determined that Se/Sp values greater than 70% would be considered sufficiently valid as 
compared to the criterion, especially considering that the M-MIT is an ‘untrained’ patient self-assessment. 
However, a lower Sp value (i.e. greater chance for false negatives) was also considered a priori to be 
acceptable as a greater chance of false positives (which occurs with a higher Se and lower Sp)
92
 was of 
less concern; in practice, it would be preferred to over-identify patients as ‘low intake’ who may need 
further investigation or intervention rather than under-identify.
57
 Within the INPAC, patients with low 
intake based on monitoring with M-MIT are recommended to be followed-up to determine why low 
intake occurred.
35
 For those already identified to have some level of malnutrition, those with low intake 
are to receive a full nutrition assessment to determine specialized interventions.
35
 Thus, misidentifying 
patients as having low intake would be a conservative approach to ensuring that a greater proportion of 
individuals with poor intake are followed-up with to determine cause of low intake (e.g. dislike of food 
vs. inability to eat) and subsequent interventions needed.  The questions on reasons for poor intake 
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provide support to identifying potential causes for low intake and support the follow-up process with 
patients.  
With a sample size of 120, it was determined that if levels of agreement (Se/Sp) between M-MIT 
and VE were calculated to be 70%, the 95%CI for the true value would be within +/- 7.5%. If levels of 
agreement were calculated to be 90%, the true value would lie within +/- 5.5% (p.81)
86
. It was determined 
that these estimated CI’s would be deemed acceptable for the calculated Se/Sp. If Se/Sp were determined 
to be less than 70% for completed tools, it was decided that the M-MIT would not be recommended as 
being sufficient for clinical use. 
The results of the analyses as well as comments from dietitian coordinators and patients on 
follow-up questionnaires on ease of use and feasibility facilitated revisions with any issues that arose with 
the use and completion of the M-MIT. Errors made by patients in M-MIT completion were qualitatively 
noted during data entry and were also taken into consideration when making revisions to the tool. 
4.4 Results 
4.4.1 Patient Characteristics 
The demographic characteristics of the 120 participants enrolled in the study across the four hospitals are 
displayed in Table 2. The sample contained 43.3% male and 56.7% female participants. There were no 
significant differences among the sites for the distribution of genders (X
2
 = 1.90, p = 0.59). Almost half 
(47.5%) of the participants were 80 years of age or older. ANOVA and Tukey analyses found that site 1 
had a significantly older participant population (mean = 85.0 years, F = 10.16, p < 0.05) than the other 
three sites (mean 75.8-76.7 years). A majority of participants (62.5%) had at least a high school 
education, while the most common living situations were alone (41.7%) or with their spouse (40.0%). 
While inclusion criteria for the study was to recruit only patients who were admitted from home, there 
were three participants included who were admitted from long term residences. Chi square analysis found 
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that there was a difference in education level (less than high school vs. at least high school education) 
among the hospital sites (X
2
 = 10.06, p < 0.05). Sites 1 and 3 had higher proportions of participants with 
at least a high school education than sites 2 and 4. Chi square analysis for living situation could not be 
performed due to low cell counts. Most participants (77.5%) were recruited from medical wards, with 
sites 1 and 2 recruiting exclusively from medical wards (X
2
 = 33.11, p < 0.001). Participants had a wide 
range of reasons for admission, with orthopedic conditions (22.5%) being the most common. 
4.4.2 M-MIT Completion & Errors in Completion 
Of the 120 participants assessed, 44 had reported their intake at breakfast (36.7%), 52 at lunch (43.3%), 
and 17 at supper (14.2); seven participants did not identify on the M-MIT what meal was being assessed.  
It is likely that a lower proportion of meals were assessed at supper, as dietitians tend to work normal 
daytime hours. Seven M-MIT forms contained notes stating that patients were unable to complete the 
form themselves and needed help from proxies (usually from nursing or another dietitian). There was 
nowhere on this version of the M-MIT or on the follow-up questionnaire that captured whether the patient 
or a proxy completed the form, so the exact number of proxy respondents is not known.  
Over 78% (94/120 participants) completed the solid food section of M-MIT without error. The 26 
incomplete/improperly filled out forms were not included in the initial validity analysis of the solids 
section. In sensitivity analyses, this missing data was imputed as either  50% or > 50% consumed. Of 
these 26 M-MIT forms, some were left completely blank (n=4), or no mark was made in the solids 
estimation section (n=13), while the other nine forms were filled out incorrectly. Most of these errors 
(n=7) involved making multiple checkmarks in the solids estimation section. It’s possible that some 
participants were confused and made marks based on each individual food item, rather than an aggregate 
estimation of all food provided. One participant listed some food items under the instructions of the solids 
section and did not check a proportion consumed. Finally, another participant checked “breakfast” and 
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listed breakfast food items, while according to the dietitian it was lunch that was observed. Therefore, this 
patient’s M-MIT form was excluded from analysis. 
 About 81% (98/120 participants) completed the fluid intake estimation without error. Nine of the 
22 forms were left completely blank (n=4) or had fluid sections that were not filled out (n=5), and thirteen 
forms had the fluid sections incorrectly filled out. The 22 incomplete or incorrect forms were not included 
in the initial validity analysis and were imputed as  50% or > 50% for sensitivity analyses as with the 
solid intake estimation. The most common error made (n=7) was listing fluids provided without checking 
proportions consumed. Other errors included: checking a proportion on the “Example” line of the fluids 
section but not next to the fluids listed (n=2); listing all fluids on one line but making proportion 
selections on different lines (n=2); and checking off multiple proportions on the same line (n=1). There 
were also some errors made in filling out the fluids section on M-MIT forms but these estimations were 
included in the validity analysis of the fluids section, as it was apparent what these participants meant. 
The most common error (n=20) was that patients made a checkmark on the “Example - Milk” line in the 
fluids section. This was either because participants drank milk and did not write ‘milk’ again on another 
line, or because all of their checkmarks were shifted up one line due to making a checkmark on the 
“Example” line. Some participants also included fluids provided for the whole day and not just the single 
meal, or included certain food items in the fluids section (e.g. soup, pudding, gravy, etc.). These forms 
were also included in the validity analysis, as long as items were listed and proportion consumed was 
selected. 
4.4.3 Validation of M-MIT 
Out of the 94 participants who properly completed the solid food intake section of the M-MIT, 21 were 
identified by the dietitians as having consumed 50% or less of the food provided. Sixteen of these 21 
participants also estimated on the M-MIT that they had consumed 50% or less of their meal (Se = 76.2%; 
p < 0.001). Of the 73 patients identified by the dietitian as having consumed more than 50% of their meal, 
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54 also estimated on the M-MIT that their consumption was greater than 50% for their meal (Sp = 74.0%; 
p < 0.001). Overall agreement (concordance) between M-MIT and VE for solid food intake was 74.5% 
(Table 3). Sensitivity analyses that included incomplete forms resulted in changes in Se and Sp. Where 
intake was assumed to be ≤ 50% intake the results were: Se = 83.3%, Sp = 60.0%, and overall agreement 
= 65.8% (p < 0.001) (Table 4). Where intake was assumed to be >50% intake the results were: Se = 
53.3%, Sp = 78.9%, and overall agreement = 72.5% (p < 0.001) (Table 5). When ≤ 75% was used at the 
cut-point for “low” intake, Se increased to 81.8%, while overall agreement decreased to 69.1% and Sp 
decreased to 58.0% (p < 0.001). Of participants who correctly completed the solid intake estimation, 
22.3% (21/94) had low (≤ 50%) intake according to VE, and 37.2% had low intake according to M-MIT. 
When the entire sample (n=120) was considered, low solid intake according to VE increased to 25.0%, as 
over a third (9/26) of participants who did not correctly complete M-MIT had low intake as per VE. 
Out of the 98 participants who properly completed the fluid intake section of the M-MIT, 21 were 
identified by the dietitians as having consumed 50% or less of the fluids provided. Thirteen of the 21 
participants also estimated that they consumed 50% or less (Se = 61.9%; p < 0.001). Of the 77 
participants identified by the dietitians as having consumed greater than 50%, 62 also estimated that they 
consumed more than half (Sp = 80.5%; p < 0.001). Overall agreement between both estimations for fluid 
intake was 76.5% (Table 6). Sensitivity analyses assuming that participants with incomplete M-MIT 
consumed ≤ 50% intake resulted in Se = 71.0%, Sp = 69.7%, and overall agreement = 70.0% (p < 0.001) 
(Table 7), whereas assuming these missing cases had >50% intake resulted in Se = 41.9%, Sp = 83.1%, 
and overall agreement = 72.5% (p < 0.001) (Table 8). Additionally, when ≤ 75% was used as the cut-
point, Se increased to 79.1%, overall agreement increased to 77.6%, and Sp decreased to 76.4% (p < 
0.001) for the aggregate estimation of all fluids. Of participants who completed the fluid intake estimation 
correctly, 21.4% had low (≤ 50%) intake according to VE, and 28.6% had low intake according to M-
MIT. When the entire sample (n=120) was considered, low fluid intake according to VE increased to 
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25.8%, as almost half (10/22) of participants who did not correctly complete the M-MIT fluid estimation 
had low fluid intake as per VE. 
There was a concern that the lower sensitivity of fluid estimations based on the complete forms 
may have resulted from beverage additions or removals from the tray. For example, 24 patients listed 
‘water’ on the M-MIT, while only four dietitians listed water in their estimations. Water isn’t commonly 
listed on hospital meal tickets even if it is provided, which could have caused overestimations on the self-
completed M-MIT, as dietitians based their estimations of intake only on the items listed on the tickets. 
Errors such as including beverages from other meals and including certain food items in the fluids section 
could have affected these results as well. These errors would have led to inaccuracies on the M-MIT, thus 
lowering the overall Se and Sp for the fluids section. As a result, individual fluids which were concordant 
between the VE and M-MIT estimations for complete forms were compared to determine if sensitivity 
improved for the most common fluids listed: coffee/tea (listed on 51.0% of completed M-MIT forms), 
juice (50.0%), and milk (44.9%). When Se/Sp analyses were performed on these individual fluids, the 
accuracy of M-MIT improved compared to when fluids were aggregated (Table 9).  
When participants were stratified by gender, age, and education, there were a few patterns found 
in the accuracy of M-MIT completion (Table 10 & Table 11). Based on a qualitative comparison, male 
participants had higher overall agreement (88.1% and 81.6% for solids and fluids, respectively) and Sp 
(88.6% solids, 86.8% fluids) for both solids and fluids than females. However, males had a higher Se for 
solids (85.7% vs. 71.4%), and females a higher Se for fluids (66.7% vs. 50%). Participants under the age 
of 80 had higher overall agreement (76.6% solids, 82.7% fluids) and Sp (78.9% solids, 85.7% fluids) for 
both solids and fluids, and higher Se for fluid intake (70.0% vs. 54.5%) as compared to those ≥ 80 years 
of age. Those that had less than a high school education had higher overall agreement (80.6%), Se 
(85.7%), and Sp (79.2%) for solids, and higher Se (83.3%) for fluids compared to those with at least a 
high school education. Z-tests could not be performed to determine statistical significance of these 
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qualitative differences in Se/Sp for any of the demographic characteristics due to small cell size for some 
categories of characteristics. The only statistically significant difference in overall agreement was 
identified between males and females for solid intake (z = 2.723, p < 0.01) (Table 10). There was no 
difference in completion rate of the M-MIT for any of these demographic characteristics. 
When stratifying by appetite level, it is possible that participants who had a lower than normal 
(“Fair/Poor”) appetite were less accurate than those who had a “Very Good/Good” appetite, in response to 
the question “How was your appetite at this meal?” on page 2 of the M-MIT. However, z-tests also could 
not be completed for Se/Sp due to small expected cell count for some categories. Qualitatively, those with 
lower appetite had lower overall agreement and Sp for solids (Table 10), and lower overall agreement, 
Se, and Sp for fluids (Table 11). Unexpectedly, those with lower appetite had a higher Se for solids 
intake (85.7% vs. 66.7%), but again significance could not be determined due to low cell count (Table 
10). It also appears that participants with lower appetite were more likely to have low intake (≤ 50%); 
45.1% (14/31) of participants who identified as low appetite had low solid food intake compared to 6.4% 
(3/47) of those with good appetite. Over a third (11/30 = 36.7%) of participants with low appetite had low 
fluid intake compared to 7.8% (4/51) of those with good appetite. Z-tests could not be completed for 
significant differences between these ratios due to small expected cell count for some categories. Further 
evaluation on larger samples would be worthwhile to test these associations to determine statistical 
significance. There was no difference in completion rate of the solid intake estimation for appetite level. 
There was however a significant difference in completion rate of the fluid intake estimation for appetite 
level; only 7.1% of participants with a “Very Good/Good” appetite did not complete their fluid intake 
estimation, while 23.1% of participants with a lower than normal appetite did not complete the fluid 
intake estimation (X
2
 = 4.942, p = 0.026). The fluid intake estimation requires the patient to list out all of 
their beverages and estimate how much of each was consumed, so it’s possible that participants with a 
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lower appetite (who were likely not feeling well) did not bother to complete the fluid estimation, which 
required more writing than the solid intake section. 
4.4.4 Descriptive Analyses of Reasons for Low Appetite and Challenges 
When considering all participants regardless of M-MIT completion, dietitians estimated that 25.0% and 
25.8% of participants had low intake (50% or less consumed) for solids and fluids, respectively. M-MIT 
estimated 37.2% and 28.3% low intake for solids and fluids, respectively. According to z-tests these 
differences between M-MIT and VE were not statistically significant. Table 12 shows the estimated 
proportions of low intake across the four hospitals. 
 On the second page of the M-MIT, 46.7% of participants responded “Very Good/Good”, 32.5% 
responded “Fair/Poor”, and 20.8% of participants did not respond/incorrectly responded to the question, 
“How was your appetite at this meal?” Of the 39 participants who responded “Fair/Poor”, their reasons 
for having low appetite were: “I was not interested in eating” (33.3%); “I had nausea/vomiting” (20.5%); 
“I was tired” (35.9%); “I had pain” (28.2%); and “I ate outside foods and was not hungry” (2.6%). 
Multiple responses were allowed, resulting in a total greater than 100%. The proportions of participants 
with low (“Fair/Poor”) appetite and reasons for low appetite across the four hospital sites are shown in 
Table 13. 
 For the second question on page 2, “Did you have other challenges at this meal?”, proportions of 
responses were as follows (n=120): “I did not like the food” (15.8%); “I have problems 
chewing/swallowing” (3.3%); “I did not get what I ordered” (3.3%); “The environment was not 
appetizing” (1.7%); and “I was not allowed to eat” (0.8%). Similarly, participants could check off 
multiple challenges. No participants indicated that they needed help to eat the meal. Half (50%) of the 
participants did not check off one of the challenge options. About one third (35.8%) of participants had 
one challenge during their meal. Four participants (3.3%) had two challenges during their meal. Table 14 
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shows the proportion of participants at each hospital who responded on the M-MIT that they had 
challenges at that meal. 
4.4.5 Revisions Made to M-MIT 
Revisions were made to the M-MIT based on the errors observed on the forms during data entry and on 
other sources of confusion and erroneous completion with the form that were identified through the 
follow-up interviews with participants after completing the M-MIT. The majority of revisions aimed to 
minimize the incorrect completion of the solids and fluids sections. The follow-up questions identified 
issues with: the “<25%” and “>75%” options in both the solids and fluids sections; the shading in the 
solids and fluids visual diagrams; confusion as to how to deal with items being saved for later; and the 
“Fair/Poor” option on the appetite question on page two. 
First, a clearer set of step-by-step instructions for proper completion of the M-MIT was further 
detailed at the top of the form. The new instructions use more specific language on how to properly fill 
out the fluids and solids sections than what the tested version of M-MIT contained (e.g. specifying that 
patients should list all drinks provided on their tray and giving examples of fluids, and specifying that 
solids should be an overall estimation of all other foods included on the tray including main dishes, side 
dishes, desserts, etc.). The instructions also specify that the form is for “this meal” only. 
The most frequent comment given by participants in the follow-up interviews was that the 
‘greater than’ and ‘less than’ symbols were confusing and many suggested that “0%” and “100%” should 
be options instead. Many patients simply wrote in “0%” or “100%” instead of checking the corresponding 
“< 25%” or “> 75%” options in both the solid and fluid estimation sections, or simply skipped these 
sections altogether because they were confused. On the revised version, the “< 25%” and “> 75%” 
options were changed and a word descriptor was added:  “0% - I ate none” (or “I drank none”) and “100% 
- I ate all” (or “I drank all”).  
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Some participants found that both the solid and fluid visual diagrams were confusing. They were 
unsure as to whether the shading in the diagrams represented how much was consumed or whether it 
represented how much was remaining on the plate or in the fluid container. This confusion could have 
affected the accuracy of the patients’ estimations and also resulted in some patients skipping these 
sections on the M-MIT altogether. On the revised version, the diagrams were changed so that the shaded 
portions looked more like actual fluids remaining in a glass or actual particles of food remaining on a 
plate. This should result in the diagrams being more intuitive for users. Additionally, the “Example” line 
in the fluids section of the revised version was more distinctly separated from the rest of the space 
patients have to fill in their fluids, in order to avoid patients making a checkmark on that line. 
Other participants mentioned that they did not know how to estimate intake for food or drink 
items they were planning to save for later. Ideally, these items would not have been recorded as consumed 
on M-MIT, because even if patients planned to eat items later, there was no guarantee that these items 
would be consumed. However, this was not addressed within M-MIT’s instructions so participants 
recorded items saved for later under their own discretion. In addition to clearer instructions, a section was 
added in the revised version that allows patients to list food items that they are saving for later so that they 
don’t include these items in their estimations. 
On page two of M-MIT, there was confusion caused by the question, “How was your appetite at 
this meal?” The two response options were “Very Good/Good” and “Fair/Poor”. Anglophone and 
Francophone participants noted that they had issues with the “Fair/Poor” option. Some interpreted the 
term “fair” as meaning a normal or average appetite. However, the true essence of the option was to 
identify patients who had a poor, or lower than usual, appetite. On the revised version, “Fair/Poor” was 
changed to “Less than usual” to avoid this confusion. “No specific reason” was also added as an option to 
the follow-up question “Why was your appetite less than usual?” Additionally, more options were added 
to the question “Did you have any challenges at this meal?” including an “I had no challenges” option. 
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Finally, at the end of page two, the question, “Who completed this form?” was added (patient, 
family/friend/volunteer, or staff member). 
 The M-MIT has been developed clinimetrically, in that it has been developed and revised through 
evidence in the existing literature, clinician face validation, as well as through the quantitative validity 
testing conducted in this study.
82
 The final version of the M-MIT (Appendix D) along with a clinician 
guidance document (Appendix E) for its use are available at: www.nutritioncareincanada.ca/resources. 
4.5 Discussion 
4.5.1 M-MIT as a Tool for Change in Nutrition Care 
The M-MIT, a patient-completed assessment of food and fluid intake, has shown sufficient sensitivity and 
specificity for those participants who were able to correctly complete the tool. The correct completion by 
approximately 80% of participants suggests that for many cognitively able elderly patients, M-MIT would 
be feasible. Se and Sp for solid intake were both at least 74% and while Se for fluid intake was lower than 
desired (61.9%), this value improved when fluids were individually itemized and compared. Se was 
increased (83.3% for solids, 71.0% for fluids) when incomplete or erroneous forms were imputed as  
50% consumed, and decreased (53.3% solids, 41.9% fluids) when they were imputed as > 50% 
consumed. When all participants (complete and incomplete M-MIT) were included, the proportion of low 
intake participants according to VE increased compared to when only complete M-MITs were included 
(25.0% vs. 22.3% for solids, 25.8% vs. 21.4% for fluids), which explains the increase in Se observed.  
The tool has been deemed sufficient because M-MIT is not a diagnostic tool. Instead, routine FI 
monitoring with M-MIT would act more as an ongoing screening process, identifying those patients who 
may require a nutrition assessment or intervention. Additionally, the solid intake estimation was 
considered more relevant to clinical use since it would be the solid food estimation that would drive 
changes in nutrition care within INPAC
35
, so the lower Se for fluids observed and the lower completion 
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rate of this section for those with low appetite were less of a concern. Revisions that were made to the 
tool are anticipated to reduce confusion with the M-MIT, and the fluid intake section specifically, and 
should hopefully improve completion rates as well as the accuracy of completion. In practice, it may be 
clinically more beneficial to consider incomplete or erroneous M-MIT forms as having low intake, as this 
greatly increased the tool’s sensitivity in this study; however this will result in more false positives. 
Alternatively, training staff who remove trays to estimate intake is a way to ensure this data is collected. 
Future work should determine if proxy respondents of family, staff or volunteers can also accurately 
complete the M-MIT when compared to VE. 
 M-MIT is not meant to be an objective measure of intake in which an overall intake of < 50% 
would automatically result in nutrition intervention. In practice, the intake estimations on page one would 
be taken in combination with the appetite and eating challenges questions, as well as the patient 
comments on page two. In practice, staff (e.g. a dietitian) could then review the completed M-MIT and 
make a subjective judgement based on all of this information as to whether a patient needs a change in 
nutrition care. For example if a patient did not consume any of their meal, but on page two they stated that 
their appetite was less than usual because they had nausea and vomiting, a dietitian reviewing the M-MIT 
could judge that the nausea was not a regular occurrence for the patient and would not necessarily have to 
recommend a change in nutrition care. The M-MIT could be used as a regular intake monitoring tool (e.g. 
three times/week), and if a patient’s intake was consistently below 50%, this could result in nutritional 
intervention or a comprehensive dietitian assessment, which is how M-MIT is designed to be used within 
INPAC; patients would be screened and/or diagnosed for malnutrition (using the CNST and/or SGA)
35
 
upon admission. Patients’ intakes would then be monitored regularly using M-MIT, and those with low 
intakes could be moved between the different nutrition care levels within INPAC based on their level of 
nutrition risk.
35
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The M-MIT is a basic monitoring tool designed to stimulate changes in staff behaviour in terms 
of nutrition care. Subgroup analysis based on appetite demonstrated that sensitivity was highest for those 
with limited to no intake, though significance could not be determined. This is an interesting potential 
finding as those with low intake would need staff follow up and potentially further intervention. The 
increase in sensitivity of the M-MIT observed when the cut-point was increased to 75% consumption 
shows that a higher proportion of patients would be identified as ‘low-intake’ with this cut-off. Though 
specificity would be decreased using a higher cut-point
57,92
 as observed in this study (i.e. greater incidence 
of false positives), subsequent assessments such as reviewing the reasons for low intake (e.g. did not like 
the food) and determining an appropriate course of action would address these false positives. There is 
potentially minimal harm in over-identifying low-intake patients excepting the increased workload and 
resource use of following up with these patients. However, many hospitals may not have the resource 
capacity to be able to use a higher cut-point, as dietitians are often a limited specialist resource.
30
 Overall 
for those that were able to complete it, M-MIT identified more participants (37.2%) as having low FI than 
dietitians did (22.3%), as well as identifying more participants with low fluid intake (28.3%) than 
dietitian VE (21.4%). The differences in low intake as identified by M-MIT vs. dietitians were not 
statistically significant, however. Thus in this study, M-MIT was not under-identifying patients with low 
intake, which would be of concern for its use in practice if this were the case. The decision on what intake 
level leads to a change in care (e.g. < 50% or < 75%) could be tailored by the hospital or unit depending 
on patient population, resource capacity to follow up on patient results, etc. 
It is worthwhile to note the contextual nature of M-MIT results as evidenced by the differences 
among hospital sites observed in the descriptive analyses. Hospital units differed greatly in size, staffing, 
resources, specialization, patient demographics, etc. It can be hypothesized that FI will therefore vary as 
well. This variability in FI can be affected by the quality of food and nutrition care provided in specific 
hospitals.
47
 When validity analyses were stratified by demographics and appetite level, Se values 
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remained acceptable (> 65%) for solid food intake, which helps to show that M-MIT could be useful for a 
wide range of patient types. 
4.5.2 Strengths and Limitations 
Until this study was completed there were no patient self-completed FI monitoring tools that had been 
validated. The major strength of this study is that it is the first to attempt to create and validate a feasible 
tool. Criterion validation usually is conducted by comparing a new method with a gold standard 
measure.
85
 In the case of FI, pre- and post-meal weighing of food items is generally considered the gold 
standard
31,51,52
, allowing a precise estimation of proportions consumed. However, food weighing is 
expensive, time-consuming, and disruptive to the normal eating routine.
51-53
 Since validation studies 
should be conducted in the setting in which the new tool will be used
85
, dietitian visual estimations, which 
were not resource-intensive nor disruptive to patients, were chosen as the criterion measure. Although 
likely less accurate than weighing, the dichotomization of intake for analysis and comparison to patient 
estimation justified this less precise method, as did the relatively large sample size. Visual estimation 
(VE) of FI has also been validated against the food weighing method in various clinical settings
51,53-55
, so 
it was decided that VE by trained dietitians would be acceptable as a criterion for this study. The 
inclusion of four dietitians (one at each participant hospital), with their potential differences in estimation 
skill could be considered a limitation. Training was provided, but inter-rater reliability of these dietitians 
was not assessed.
84
 When reliability of a criterion is unknown, using multiple raters would help to dilute 
the effect of differing estimations.
85
 For example, two dietitians could have reviewed the same meal 
leftovers and the average of their estimation used as the criterion. However, dietitians involved in the 
study were experienced in estimating FI and also received training specifically for the protocols within 
the study in an attempt to standardize their estimations. 
Additionally in this investigation dietitians estimated the proportion consumed of each food and 
fluid item provided. These estimations were then averaged to come up with crude estimations of overall 
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solid food intake and overall fluid intake. In essence, each food item was treated equally, so if a 
participant ate 0% of their main dish, 100% of their appetizer, and 100% of their dessert, the resulting 
estimation was 67% of their food consumed. However, M-MIT provides one crude estimation of total 
food consumption. In future validation studies, it would be recommended to have raters provide one crude 
estimate consistent with how patients were asked to estimate their intake on the M-MIT. 
Dietitian estimations were made by collecting participants’ meal trays after they were done their 
meal and estimating the remaining waste based on what was originally provided. Participants weren’t 
observed while they were eating. Thus, if participants threw out or spilled items, or saved them for later, 
this could have caused dietitians to assume that those items were consumed causing an over-estimation of 
intake. However, if this occurred, this would have decreased the observed measures of agreement, which 
suggests that these measures of validity may have been underestimated in this investigation. As 
mentioned, a “saved for later” section was added to the revised M-MIT so that future users do not count 
these items as consumed. 
There was a lack of randomization in the meals that were selected for food intake monitoring. 
Meals were chosen at the site dietitians’ discretion. This could have influenced validation results. For 
example, differing appetites at different mealtimes may have had an effect on the accuracy of intake 
estimation. Alternatively, some foods (e.g. milk, cereal at breakfast) can be more difficult to estimate 
consumption than foods provided at other meals (e.g. a sandwich at lunch). However, in this study intake 
was crudely dichotomized to  50% and > 50%, which likely eliminated some of these potential 
differences in estimation accuracy due to type of food provided. Randomization or a quota system could 
be used to promote an even number of breakfasts, lunches, and suppers monitored in a future study. 
Though the M-MIT can be completed by someone else if a patient cannot complete it themselves, 
this proxy completion was not assessed in this study. Some dietitians noted whether a proxy completed 
the M-MIT, but this information was not explicitly collected. This could have introduced proxy 
  46 
respondent bias
93
 if proxies responded differently than when participants completed the M-MIT 
themselves. The few cases (< 10) that noted that proxy support was used to complete the tool did not 
warrant a separate analysis, especially as they were instructed not to make estimations themselves, but to 
complete the M-MIT based on how participants responded when read or shown the questions. Future 
work should validate M-MIT with different users including staff, volunteers and family, especially for 
patients who cannot respond reliably (e.g. delirium, dementia).  
The completion rate of M-MIT of approximately 80% indicates that most participants were able 
to complete the form. Sensitivity analyses were completed including incomplete forms. The follow-up 
questionnaire attempted to uncover the reasons for non-completion and the revisions made to M-MIT 
attempted to address some of these reasons (e.g. confusing questions and symbols, wording). In practice, 
lack of completion should result in a staff member completing the form and future research should 
determine the validity of this approach. It is also possible that non-response bias may have occurred due 
to the healthy volunteer effect.
93
 There was no information collected on those eligible patients who 
declined to participate in the study and it’s possible that those who declined may have been more 
frail/sick than those who agreed to participate. As well no participation rate determined. Participation rate 
would have been difficult to calculate, as ethics clearance only allowed nursing staff to approach 
prospective patients about participating and not information on who declined participation. It is just as 
likely that this process was influenced by nursing routines and capacity to approach patients on certain 
shifts. , It is still recommended by the authors that M-MIT would be beneficial as a monitoring tool for 
patients that are able to complete it so that staff resources can be more efficiently directed to those who 
cannot complete the M-MIT themselves. 
4.5.3 Next Steps 
Building off of this initial study, it would be worthwhile to validate the revised version of M-MIT using 
the methodological recommendations suggested. The sample used in this study contained diverse 
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hospitals and patient types. Future validation studies could focus on more specific patient groups to 
determine with which patients the M-MIT may or may not be appropriate. For example, a sample of 80+ 
year old patients could be observed to determine if Se and Sp vary as compared to younger adults. 
Additional investigations could also uncover whether statistically significant differences in estimation 
accuracy exist between demographic characteristics and appetite level, as N was too small in this study 
when the sample was divided by these attributes. Future work could also determine the M-MIT’s 
sensitivity and responsiveness to change over time. The M-MIT is meant to be used as an ongoing 
monitoring tool to be used repeatedly in practice. Thus, validation of repeated use of the M-MIT (e.g. 
over the course of a week) could determine the tool’s ability to detect changes in FI within each patient 
over time. 
It would be worthwhile to determine the cost vs. benefit of the improved identification of low 
intake patients with the M-MIT, as well from using a 50% vs. 75% cut-off for low intake. Implementation 
research could also determine if M-MIT completion leads to additional nutritional support or a dietitian 
consultation and if this improves food intake. Future work could determine the increased resource 
(financial, time) strain that this process would require and whether the M-MIT is feasible as part of the 
quality nutrition care activities in hospital. However, if hospitals are interested in improving their 
nutrition care and monitoring FI, this study has shown that the tested version of M-MIT has sufficient 
validity for those patients who were able to complete it. 
 It is acknowledged that making changes to care processes in hospital can be an incredibly 
complex task. More-2-Eat (M2E) is a study that is currently underway across five Canadian hospitals that 
aims to implement INPAC into their nutrition care practices. Within M2E, the finalized version of the M-
MIT will be used for a detailed data collection on a subset of patients. The study will aim to identify 
barriers and facilitators to the successful implementation of all components of INPAC, including FI 
monitoring with M-MIT. M2E will determine whether M-MIT can be implemented into routine care 
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practices and help to detail out how to deal with a number of potential issues that could arise when trying 
to implement M-MIT. These could include: establishing who will distribute and collect the forms; 
determining ideal ‘low’ intake cut points and how to flag this information for the appropriate clinician; 
determining how much training and education of staff is needed; assessing the feasibility of having 
proxies complete the M-MIT for those patients who cannot complete it themselves; and detailing 
processes of how to deal with incorrectly completed or incomplete forms. 
4.6 Conclusions 
The aim of creating and validating the M-MIT was to provide a statistical rationale for a simple tool that 
hospitals can use to improve their monitoring of food intake. This study has shown sufficient validity of 
the tested version of M-MIT in elderly, cognitively able medical and surgical patient populations across 
four diverse Canadian hospitals. The tested version has been revised and improved as a result of this 
study, which should further improve M-MIT’s validity. Future studies on more specific hospital types or 
patient populations could provide more insight on M-MIT’s accuracy within these different contexts. 
Future validation with repeated M-MIT use could also determine the tool’s ability to detect FI changes 
over time. However for the first time, a study has shown a patient self-completed FI monitoring tool that 
is valid across a single mealtime, which if used in hospitals has the potential to improve nutrition care if 
results are followed up and new interventions put into place based on the recording of low FI. With 
further identification of poor FI in hospital patients, it is anticipated that proactive strategies can be put in 
place to support intake and improve recovery of patients. Future testing of M-MIT as part of a 
comprehensive pathway like the INPAC to improve nutrition care is needed. This next step is currently 
underway with the M2E study, which will glean insight on how to successfully implement M-MIT (and 
more broadly, INPAC) into routine clinical practice. 
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4.7 Data Tables 
Table 1 - Participant Hospital Characteristics 
Hospital Site Province Hospital Type 
Approximate # 
of Beds 
Anglophone/Francophone 
1 British Columbia Community 285 Anglophone 
2 Saskatchewan Academic 650 Anglophone 
3 Ontario Community 600 Anglophone 
4 Quebec Academic 1200 Francophone 
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Table 2 - Patient Demographics (n=120) 
Characteristic Total Sample % (n) Site 1 % (n) Site 2 % (n) Site 3 % (n) Site 4 % (n) 
Gender 
Male 
Female 
 
43.3 (52) 
56.7 (68) 
 
33.3 (10) 
66.7 (20) 
 
43.3 (13) 
56.7 (17) 
 
50.0 (15) 
50.0 (15) 
 
46.7 (14) 
53.3 (16) 
Age 
Mean age (years +/- SD)* 
65-69 years 
70-79 years 
80-89 years 
90-99 years 
 
78.4 +/- 8.4 
20.0 (24) 
32.5 (39) 
35.8 (43) 
11.7 (14) 
 
85.0 +/- 7.1 
6.7 (2) 
13.3 (4) 
50.0 (15) 
30.0 (9) 
 
76.7 +/- 6.5 
20.0 (6) 
36.7 (11) 
43.3 (13) 
0 
 
75.8 +/- 8.4 
30.0 (9) 
36.7 (11) 
26.7 (8) 
6.7 (2) 
 
76.2 +/- 8.0 
23.3 (7) 
43.3 (13) 
23.3 (7) 
10.0 (3) 
Highest Level of Education 
Achieved* 
Primary school or less 
Some high school 
Graduated high school 
Some post-
secondary/graduated 
post-secondary 
 
 
10.8 (13) 
26.7 (32) 
28.3 (34) 
34.2 (41) 
 
 
0 
16.7 (5) 
50.0 (15) 
33.3 (10) 
 
 
10.0 (3) 
43.3 (13) 
16.7 (5) 
30.0 (9) 
 
 
3.3 (1) 
30.0 (9) 
20.0 (6) 
46.7 (14) 
 
 
30.0 (9) 
16.7 (5) 
26.7 (8) 
26.7 (8) 
Living Situation 
Lives alone 
Lives with spouse 
Lives with other 
family/friends 
Lives with spouse and 
other family 
Long term residence 
 
41.7 (50) 
40.0 (48) 
13.3 (16) 
 
2.5 (3) 
 
2.5 (3) 
 
53.3 (16) 
30.0 (9) 
13.3 (4) 
 
0 
 
3.3 (1) 
 
30.0 (9) 
46.7 (14) 
16.7 (5) 
 
6.7 (2) 
 
0 
 
43.3 (13) 
40.0 (12) 
13.3 (4) 
 
3.3 (1) 
 
0 
 
40.0 (12) 
43.3 (13) 
10.0 (3) 
 
0 
 
6.7 (2) 
Unit Type* 
Medical wards 
Surgical wards 
 
78.3 (94) 
21.7 (26) 
 
100 (30) 
0 
 
100 (30) 
0 
 
60.0 (18) 
40.0 (12) 
 
53.3 (16) 
46.7 (14) 
Reason for Admission 
Orthopedic 
Respiratory 
Falls/weakness/dizziness 
Cancer 
Cardiovascular 
Gastrointestinal 
Wound/Infection 
General surgery 
Stroke 
Other 
Missing 
 
22.5 (27) 
12.5 (15) 
12.5 (15) 
10.0 (12) 
6.7 (8) 
6.7 (8) 
5.8 (7) 
3.3 (4) 
1.7 (2) 
17.5 (21) 
0.8 (1) 
 
40.0 (12) 
3.3 (1) 
20.0 (6) 
3.3 (1) 
10.0 (3) 
0 
6.7 (2) 
0 
0 
13.3 (4) 
3.3 (1) 
 
0 
23.3 (7) 
6.7 (2) 
3.3 (1) 
16.7 (5) 
10.0 (3) 
6.7 (2) 
0 
0 
33.3 (10) 
0 
 
36.7 (11) 
6.7 (2) 
10.0 (3) 
3.3 (1) 
0 
13.3 (4) 
10.0 (3) 
0 
6.7 (2) 
13.3 (4) 
0 
 
13.3 (4) 
16.7 (5) 
13.3 (4) 
30.0 (9) 
0 
3.3 (1) 
0 
13.3 (4) 
0 
10.0 (3) 
0 
* statistically significant difference p<0.05; mean age statistically significantly different among sites with post 
hoc tests noting difference among site 4 and 1. 
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Table 3 - Contingency Table for Solid Intake Calculation Method 1 
 Dietitian VE 
≤ 50% > 50% 
M-MIT 
Estimations 
≤ 50% 16 19 
> 50% 5 54 
Total 21 73 
 
Table 4 - Contingency Table for Solid Intake Calculation Method 2 
 Dietitian VE 
≤ 50% > 50% 
M-MIT 
Estimations 
≤ 50% 25 36 
> 50% 5 54 
Total 30 90 
 
Table 5 - Contingency Table for Solid Intake Calculation Method 3 
 Dietitian VE 
≤ 50% > 50% 
M-MIT 
Estimations 
≤ 50% 16 19 
> 50% 14 71 
Total 30 90 
 
Table 6 - Contingency Table for Fluid Intake Calculation Method 1 
 Dietitian VE 
≤ 50% > 50% 
M-MIT 
Estimations 
≤ 50% 13 15 
> 50% 8 62 
Total 21 77 
 
Table 7 - Contingency Table for Fluid Intake Calculation Method 2 
 Dietitian VE 
≤ 50% > 50% 
M-MIT 
Estimations 
≤ 50% 22 27 
> 50% 9 62 
Total 31 89 
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Table 8 - Contingency Table for Fluid Intake Calculation Method 3 
 Dietitian VE 
≤ 50% > 50% 
M-MIT 
Estimations 
≤ 50% 13 15 
> 50% 18 74 
Total 31 89 
 
Table 9 - Sensitivity and specificity of M-MIT fluids section and of most common individual fluid items 
Fluid Type 
N of patients identified 
≤ 50% according to 
dietitian VE 
Overall % 
Agreement 
Sensitivity (%) Specificity (%) 
Coffee/Teaa 17 88.0 70.6 97.0 
Juiceb 7 85.7 71.4 88.1 
Milkc 14 77.3 64.3 83.3 
Total fluidsd 21 76.5 61.9 80.5 
a
n=50, (p < 0.001), bn=49, (p < 0.001), cn=44, (p < 0.01), dn=98, (p < 0.001) 
 
 
Table 10 - Overall Agreement, Sensitivity & Specificity stratified by demographics/appetite for solid food 
intake 
Characteristic 
N of patients 
identified  
≤ 50% according 
to dietitian VE 
Overall % 
Agreement 
Sensitivity 
(%) 
Specificity 
(%) 
Gender 
Male (n=42) (p < 0.001) 
Female (n=52) (p < 0.05) 
 
7 
14 
 
88.1* 
63.5 
 
85.7 
71.4  
 
88.6 
60.5 
Age (p < 0.01) 
< 80 years (n=47) 
≥ 80 years (n=47) 
 
9 
12 
 
76.6 
72.3 
 
66.7 
83.3 
 
78.9 
68.6 
Education (p < 0.01) 
Less than high school (n=31) 
Graduated high school (n=63) 
 
7 
14 
 
80.6 
71.4 
 
85.7 
71.4 
 
79.2 
71.4 
Appetite 
Very Good/Good (n=47) (p < 0.01) 
Fair/Poor (n=31) (p < 0.05) 
 
3 
14 
 
87.2 
71.0 
 
66.7 
85.7 
 
88.6 
58.8 
* indicates significant difference (z = 2.723, p < 0.01) 
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Table 11 - Overall Agreement, Sensitivity & Specificity stratified by demographics/appetite for total fluid 
intake 
Characteristic 
N of patients 
identified  
≤ 50% according to 
dietitian VE 
Overall % 
Agreement 
Sensitivity 
(%) 
Specificity 
(%) 
Gender 
Male (n=44) (p < 0.05) 
Female (n=54) (p < 0.01) 
 
6 
15 
 
81.6 
72.2 
 
50.0 
66.7 
 
86.8 
74.4 
Age 
< 80 years (n=52) (p < 0.001) 
≥ 80 years (n=46) (p < 0.1) 
 
10 
11 
 
82.7 
69.6 
 
70.0 
54.5 
 
85.7 
74.3 
Education 
Less than high school  
(n=34) (p < 0.05) 
Graduated high school  
(n=64) (p < 0.01) 
 
6 
 
15 
 
73.5 
 
78.1 
 
83.3 
 
53.3 
 
 
71.4 
 
85.7 
Appetite 
Very Good/Good (n=51) (p < 0.01) 
Fair/Poor (n=30) (p < 0.05) 
 
4 
11 
 
84.3 
73.3 
 
75.0 
72.7 
 
85.1 
73.7 
 
 
Table 12 - Low food and fluid intake (50% or less) for dietitian and M-MIT estimations across hospital 
sites 
Hospital Site 
Dietitian Estimated 
% Low Food Intake 
(n=30) 
M-MIT Form 
% Low Food Intake 
Dietitian 
Estimated 
% Low Fluid 
Intake (n=30) 
M-MIT Form 
% Low Fluid Intake 
1 26.7 57.7* (n=26) 40.0 36.0 (n=25) 
2 16.7 32.0 (n=25) 23.3 8.7 (n=23) 
3 26.7 24.0 (n=25) 20.0 30.0 (n=30) 
4 30.0 33.3 (n=18) 20.0 38.1 (n=21) 
Overall 25.0 (n=120) 37.2 (n=94) 25.8 (n=120) 28.3 (n=99) 
*indicates statistically significant (p < 0.05) 
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Table 13 - “How was your appetite at this meal?” – % of participants with low appetite & reasons for 
low appetite across hospital sites 
Hospital Site 
% with Low 
Appetite 
“I was not 
interested in 
eating” (%) 
“I had 
nausea/ 
vomiting” 
(%) 
“I was 
tired”  
(%) 
“I had pain” 
(%) 
“I ate outside 
foods and was 
not hungry 
(%) 
1 42.9 26.9 7.7 15.4 11.5 0 
2 34.8 8.0 0 8.0 0 4.0 
3 34.5 13.8 10.3 13.8 6.9 0 
4 54.5 0 11.1 14.8 22.2 0 
 
Table 14 - “Did you have any challenges at this meal?” – Number of challenges experienced by 
participants across hospital sites 
Hospital Site 
Completed 
“Challenges” 
Section (n) 
# of M-MIT Challenges (%) 
0 1 2 
1 26 57.7 38.5 3.8 
2 25 68.0 32.0 0 
3 29 41.4 55.2 3.4 
4 27 59.3 33.3 7.4 
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Chapter 5 
The Mealtime Audit Tool (MAT) – Inter-rater reliability testing of a 
novel tool for the monitoring and assessment of food intake barriers 
in acute care hospital patients 
5.1 Abstract 
Background: Malnutrition in hospital patients results in increased length of stay and cost of care. Barriers 
to food intake (FI), whether physical or organizational, exist that exacerbate the insufficient FI that is 
already common in hospital patients. The Mealtime Audit Tool (MAT) is a clinical assessment tool 
administered by staff to identify FI barriers for individual patients. 
Objectives:  There were three main objectives of this research: 1) To determine whether the MAT has 
sufficient inter-rater reliability to be recommended for use in a clinical setting; 2) To revise and improve 
the MAT using feedback from users; and 3) To use the MAT to characterize barriers to FI in older adults 
in four diverse hospitals. 
Methods:  Two studies were conducted. Study 1 included 120 cognitively able patients over the age of 65 
from four Canadian hospitals. Participants had one mealtime assessed for the occurrence of barriers using 
the MAT. Descriptive analyses were conducted to characterize the prevalence of barriers across the 
hospitals and any differences in barriers experienced due to patient characteristics. Revisions made to the 
MAT resulted in version 2 of the tool. Study 2 tested for inter-rater reliability using version 2 of the MAT 
in which two raters assessed 90 patients across 30 different mealtimes using the MAT. To determine 
reliability, an intraclass correlation coefficient (ICC) was calculated for the mean total MAT scores 
between the raters. Additionally, kappa coefficients were calculated for each of the 18 barrier items on 
MAT version 2. Similar descriptive analyses to study 1 were also performed in study 2. 
Results: The mean number of barriers experienced by each patient in study 1 was 2.93 +/- 1.58 and in 
study 2 was 2.51 +/- 1.19. A number of barriers were common across all hospital sites while other barriers 
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were more prevalent at specific sites. The ICC of 0.68 (95%CI: 0.52-0.79) of version 2 indicated good 
agreement between raters. Ten of 16 items in which kappa could be calculated had at least fair agreement, 
and 14 of 18 items had > 90% agreement in responses between the two raters. 
Conclusion: MAT is sufficiently reliable when used by auditors with minimal training. Further revisions 
were made to version 2 of the MAT to improve functionality. Currently, monitoring FI barriers in hospital 
units is not done in any systematic way. Routinely auditing mealtimes with the MAT would be useful in 
identifying and removing barriers, potentially increasing patients’ opportunities to consume enough food. 
5.2 Introduction 
It is well established that malnutrition is a prevalent and significant issue in hospital patients, and is 
especially common in older patients (65+ years).
2,41,90
 In Canada, 45% of patients are admitted to hospital 
already malnourished
6
, while other studies in various settings have reported the prevalence of hospital 
malnutrition to be anywhere from 10-70%.
7-20
 Malnutrition affects patient outcomes and results in 
increased lengths of stay and cost of care.
17,21,22,24,27
 Insufficient food intake (FI), also an independent 
predictor of length of stay
6
, is commonplace while in hospital
3,25
, putting patients at further risk of 
declines in nutritional status. Reduced appetite plays a key role in low FI, and can be the result of a 
number of factors including: the patient’s medical condition, medications or treatments49, or simply the 
inherent stress
41
 involved with being hospitalized.  
Within the past decade research has emerged
33,34,63-71
 identifying further barriers to FI, or food 
access issues, that can be physical or organizational in nature. These barriers are issues that patients 
experience that further prevent them from consuming enough food. Physical barriers include issues such 
as: difficulty cutting food or opening packages, being in an uncomfortable position to eat, or the inability 
to reach the meal tray.
33,71
 Organizational barriers can encompass a broad range of issues, and may 
include: food being served at inconvenient times, patients receiving the wrong foods, or hot foods not 
being served hot. Barriers can occur if patients aren’t offered flexible menu choices or not provided 
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enough information on their options.
33,71
 Dissatisfaction with food quality (i.e. taste, smell, appearance)
33
 
can be considered a barrier as well. Finally, organizational issues can also include environmental barriers, 
which result in distractive eating environments due to excessive noise, smells, or being interrupted during 
meals.
33,71
 It has been further established that patients with multiple comorbidities may be at an increased 
risk of experiencing physical barriers.
70
 Thus, frail elderly patients may be more susceptible to 
experiencing barriers to intake as the prevalence of comorbidities tends to increase with age.
42,43
 
 The Mealtime Audit Tool (MAT) is an interview based questionnaire designed to be completed 
by a hospital staff member to identify barriers to FI that individual patients may encounter during a 
mealtime. The MAT was created to support the recently-developed Integrated Nutrition Pathway for 
Acute Care (INPAC), an evidence and expert consensus-based nutrition care algorithm that is meant to be 
a best practice guideline for nutrition care in acute care hospital patients.
35
 The aim of following the 
practices outlined in INPAC is to better detect, monitor, and treat malnutrition in the acute care 
population. A component of INPAC is ‘standard nutrition care’, or defining the essential mealtime 
activities that should happen for all patients in order to promote FI.
35
 Included in these ‘standard nutrition 
care’ recommendations, is ensuring the minimization of FI barriers during mealtimes. In order to 
influence the success of the recommendations, it was recognized that there was a need for an easy to 
complete tool that staff could use to identify potential FI barriers that might exist within hospital units. 
The goal of such a tool would be to provide hospital staff with evidence of where their care practices 
could be improved in order to remove existing barriers and further promote FI. 
 The primary aim of this research was to determine whether the MAT had sufficient inter-rater 
reliability for use in practice. Prior to the reliability testing, another aim was to revise and improve the 
tool by testing MAT’s use with staff (dietitians and dietetic interns), determining its feasibility and ease of 
use in a clinical setting, and gathering feedback in order to make revisions. Finally, descriptive analyses 
were also conducted to characterize FI barriers in older adults in the samples studied. 
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5.3 Methods 
5.3.1 Subjects and Hospitals 
Data analyzed from the MAT was generated from two separate studies. Study 1 was a multi-component 
study focused on frail older adults admitted to hospital. The objective of study 1 was to test three clinical 
resources that were developed to support the use of INPAC. The MAT was one of the three resources 
tested for feasibility. In the study, 120 medical and surgical ward patients were enrolled from four 
Canadian hospitals (30 patients/hospital). Eligible patients for study 1 were: over the age of 65; admitted 
from their own home in the community; likely to be discharged home; admitted to a medical or surgical 
unit; able to speak and read English or French; not cognitively impaired; no occurrence of delirium during 
their admission; likely to be admitted for 2-5 days; consuming an oral diet; and consenting to participate 
in the testing of all three clinical resources, including a single completion of the MAT. Older adults (> 65 
years) were specifically targeted due to the demography of patients who are admitted to acute care in 
Canada
94
, as well as the belief that if the tool were feasible with older adults, it would be feasible with 
younger patients as well. The primary aims of the MAT data collection in study 1 were to: 1) test how the 
tool worked with different auditors who were provided minimal training, and 2) to improve and revise the 
tool prior to reliability testing. An additional objective was to characterize barriers to intake for older 
adults in these four hospitals. The participating hospitals were diverse in terms of region, type, size, and 
primary language (Table 15). It was anticipated that completion of the MAT with 30 patients in each 
hospital would provide a sufficient range of experience with the draft tool to allow for a quality revision.   
After completion of study 1, revisions were made to the MAT and in study 2 the revised version 
was tested for inter-rater reliability. Study 2 was conducted at one hospital (Site #3 – Table 15) with a 
different sample of participants at a later date. Ninety patients from medical and surgical units were 
enrolled at 30 different mealtimes (~3 patients/meal) and completed the audit.  Eligibility criteria 
included: patients in medical or surgical units; not cognitively impaired or suffering from delirium; able 
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to read and speak English; consuming an oral diet; and consenting to participate in completion of MAT 
with two different auditors for the same meal. Since patient age was not an important factor in testing for 
inter-rater reliability of the tool, any adult over 18 who met the eligibility requirements was included in 
the study. 
Demographic characteristics collected for both studies included: gender, year of birth, reason for 
admission, and highest level of education. Living situation information was also collected in study 1. 
5.3.2 Mealtime Audit Tool (MAT) 
The MAT is essentially a checklist of FI barriers experienced at a mealtime that was developed for 
completion by hospital staff members based on patient report. It is intended to be completed through 
interview with patients immediately after a meal and takes approximately five minutes to complete. The 
tool can be used with patients who have been identified as having poor FI to determine barriers they are 
experiencing, or can be used as a way for hospital units to self-audit the existence of barriers over time 
when used routinely. Initial development included a scan of the literature to identify common FI barriers 
for acute care patients.
33,34,68,71
 Barriers specifically identified in the Nutrition Care in Canadian Hospitals 
study
71
 were included as they applied more to a Canadian context. The draft MAT was developed with 
leading nutrition clinicians and researchers and face validated
57
 by five clinician experts, who provided 
further insight on barriers to include as well as presentation, terminology and instructions on the tool to 
promote consistency in use.  
On version 1 of the two-page tool (used in study 1) (Appendix F), the first page listed three 
general unit-level barriers: 1) “Were patients toileted before the mealtime?”; 2) “Does the unit appear 
ready for mealtime?”; and 3) “Is the unit focused on mealtime?”. Also on this first page was a section for 
the auditor to record any other environmental observations that could have impacted the mealtime. The 
second page contained a checklist of 18 patient-specific barriers an individual patient may have 
experienced during the meal. Each question on the second page of the MAT had a Yes or No response 
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option, with ‘No’ indicating that a barrier had been encountered (e.g. “Received the food they ordered?” – 
an answer of ‘No’ indicates the patient did not receive the food they ordered and therefore represents a 
potential barrier for that meal). The number of ‘No’ responses was summed at the bottom of the page 
resulting in a total MAT “score”.  
To complete the MAT, the auditor was trained to observe the unit before and during the meal to 
note any general environmental barriers across the unit. The auditor recorded these general unit level 
observations on page one. The auditor then selected patients after the meal to complete the second page to 
determine how many of the 18 barriers were encountered.  
The initial feasibility testing of version 1 of the MAT occurred with 120 patients across four sites. 
This testing identified that minor changes to the tool were required in order to promote consistency. 
Feedback from the clinicians who used the tool in study 1 indicated that the three general unit-level 
barriers listed on the first page of the MAT should be modified, since the information was not being 
adequately captured in the final MAT “score” and the observations around toileting could only be 
effectively assessed through directly asking patients. However all clinicians felt that observation of the 
unit was a relevant and important part of identifying environmental barriers that would prevent optimal 
intake. Therefore the revised version included a more open-ended section on the first page requesting the 
auditor to comment on the unit readiness for the meal and any delays/challenges that could influence the 
patient perceptions of their meal. For the purposes of this study, the qualitative data acquired from the 
first page regarding environmental observations was not analyzed. This information however was used to 
write instructions on the types of activities at the unit level that may influence the eating environment for 
patients. These instructions were included on a MAT guidance document that was created after 
completion of study 2.  
Changes were also made to the second page of the MAT based on clinician feedback. It was 
suggested that a “not applicable” option (in addition to ‘yes’ and ‘no’) be added where appropriate as it 
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was noted that some auditors using version 1 left questions blank when they thought the most appropriate 
response was ‘not applicable’. Clinicians further suggested the removal of some items that they 
determined were not actually barriers to intake (e.g. “Food intake/hydration monitored at this meal”, 
“Patient was provided snacks in between meals”). There were also suggestions for additions to the list 
such as, “Did the meal come at an appropriate time for you?” Following both deletion and insertion of 
items, the revised version still resulted in 18 barrier items listed. The wording of the 18 barriers was also 
modified so that the auditor could read them verbatim when completing the interview with the patient to 
promote consistency. Finally, space for comments was added to the second page to allow the auditor to 
note more detail if needed. The suggested changes resulted in version 2 of the tool, which was used in the 
data collection for the inter-rater reliability testing (Study 2) (Appendix G). 
5.3.3 Data Collection 
Ethics clearance for the data collection was obtained through a University of Waterloo Research Ethics 
Committee (Appendix H), as well as through the ethics boards of each individual hospital involved. 
5.3.3.1 Study 1 
Four dietitians were seconded from their regular duties to complete the descriptive data collection for 
study 1, recruiting eligible patients from across multiple medical and surgical units. They were trained via 
teleconference over a three month period, and communicated with the project team on a regular basis via 
email and teleconference to address any questions with respect to data collection, eligibility etc. Data 
collection occurred over a 2-4 month period for each site. Staff who were part of the circle of care (i.e. 
nursing staff, dietitians) identified eligible patients and made the initial approach to prospective 
participants to garner their interest in being part of the study and allow consent for the site coordinator 
dietitian to approach the patient with more information about the study and acquire informed written 
consent. During the designated meal, the dietitian attempted to observe the entire unit and completed the 
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first page of the MAT, noting any unit-level barriers. Data recorded on the first page was not analyzed for 
the present study due to the more subjective nature of the questions, but these comments were considered 
when creating the guidance document for MAT users. After the participant had finished his/her meal, the 
dietitian entered his/her room and completed the second page of the MAT verbally with the patient. 
5.3.3.2 Study 2 
Data collection for study 2 was conducted by two dietetic interns who completed separate mealtime audits 
for each patient at a single meal. The dietetic interns were trained on how to complete informed written 
consent, and how to complete page 1 and 2 of version 2 of the MAT. This training was in-person at the 
study site provided by the site study coordinator who had completed the MAT audits in study 1. Consent 
was completed just prior to the meal that was to be used for the audit. Participants were informed that 
after they completed their meal, the first intern would enter their room and ask them the MAT questions. 
Five to ten minutes later, the second intern entered the same participant’s room and also completed the 
MAT questions. These auditors were blinded to each other’s audit results and the order of the intern (e.g. 
1 or 2) completing MAT with a particular participant varied. On average three participants were assessed 
per meal (range: 1-7 participants assessed per meal across the 30 mealtimes). 
5.3.4 Analysis 
In studies 1 and 2, descriptive analyses were performed to determine the overall mean (s.d.) total 
MAT score (i.e. number of barriers experienced per patient), per hospital site, and the most common 
barriers experienced across the hospital sites. One-way ANOVA analyses determined whether there was 
any significant difference in the average number of barriers experienced by patients among the hospital 
sites. Descriptive analyses were also completed to characterize the two samples of participants. T-test and 
Z test were used to compare the two samples on descriptive variables. Chi square analyses were 
performed to determine any associations between dichotomized demographic characteristics and the 
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number of barriers experienced (</≥ 3 barriers). Three or more barriers was chosen as the cut point for 
dichotomization as participants in the study experienced an average of approximately three barriers at 
their meals.  
In study 2, with the sample size of 90 participants, it was determined that the smallest possible 
correlation that the sample was powered to detect (α = 0.05) would be 0.350 (p.79)86. Thus, since 
agreement between raters was expected to be greater than 35%, this sample size was deemed sufficient 
unless calculated values fell below 35%.  
The primary method of determining inter-rater reliability in study 2 was by using the total MAT 
score (total # of barriers encountered) for each participant and comparing these total scores between 
auditors. An intraclass coefficient (ICC) was calculated using a two-way random model of absolute 
agreement
95
 to determine how well the scores between the two raters were correlated. An ICC value 
greater than 0.75 can be considered “excellent”, 0.60-0.74 “good”, 0.40-0.59 “fair”, and values less than 
0.4 are considered “poor”.88 Additionally, measures of inter-rater reliability were determined for each of 
the 18 barrier questions by calculating kappa statistics for each barrier to determine if there were 
questions that needed further modification. Similarly, kappa values > 0.75 can be considered “excellent”, 
values between 0.40-0.75 are considered “fair to good”, and < 0.40 would be considered “poor”.89  Kappa 
statistics were calculated with responses of “Yes” and “N/A” being considered the same category. The 
responses were dichotomized this way in order to more specifically gauge each question’s reliability in 
identifying whether or not a barrier occurred (i.e. “Yes” and “N/A” responses both represented a barrier 
not being experienced; thus they were grouped together). Further, descriptive analyses were performed to 
determine the proportion of matching ratings between the auditors for each barrier (% of ratings in 
agreement for the 18 questions). For each item with a kappa coefficient < 0.7 (for the dichotomized 
response categories), an ICC was re-run without this item to determine if the question had an effect on the 
overall ICC. An F-test was run along with these ICCs using the original ICC as the test value to determine 
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if there was a significant difference between each new ICC and the original. A qualitative comparison 
was also made between the original ICC and these reduced MAT ICCs to determine if an item needed to 
be removed from the MAT in order to improve reliability. Based on the results of the reliability analyses 
and feedback obtained from follow-up meetings with the auditors, further revisions to the MAT were 
made to improve upon any issues that arose with its use in study 2, which resulted in the creation of a 
final published version. 
5.4 Results 
5.4.1 Patient Characteristics 
The demographic characteristics of the 120 participants from study 1 and the 90 participants from study 2 
are displayed in Table 16. Both samples had the same gender distribution (male: 43%; female: 57%). The 
study 1 sample was older (78.4 +/- 8.4 years) on average than the study 2 sample (67.6 +/- 14.3 years) (t = 
102.642, p < 0.001). The majority of study 1 participants (77.5%) were from medical units, while the 
majority of study 2 participants (53.3%) were from surgical units (z = 4.754, p < 0.0001). No other 
characteristics were significantly different between study 1 and 2 samples. Most participants in both 
studies had at least a high school education (study 1: 62.5%, study 2: 71.2%) and most patients in study 1 
either lived alone (41.7%) or with their spouse (40.0%). This information was not collected in study 2. 
The most common reasons for admission in both samples were for orthopedic conditions (study 1: 22.5%, 
study 2: 40%). 
5.4.2 Descriptive Analysis of Mealtime Barriers 
The mean number of FI barriers experienced per patient in study 1 was 2.93 +/- 1.58, ranging from zero 
to eight barriers experienced during one meal. The mean number of barriers experienced in study 2 
(taking the average number of barriers between both raters) was 2.51 +/- 1.19. A comparison of barriers 
experienced across the four hospitals from study 1, along with those from the inter-rater reliability testing 
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(study 2), are displayed in Table 17. According to Tukey post-hoc tests, the only statistically significant 
difference (F = 4.039, p = 0.009) among the study 1 hospitals was between Site 4 (mean = 3.70 +/- 1.21 
barriers experienced) and Site 2 (mean = 2.37 +/- 1.92 barriers experienced), with significantly more 
barriers reported at Site 4. Chi square analyses were also performed to determine whether there were any 
associations between certain patient demographic characteristics (gender, unit type, age, education) 
collected and whether patients experienced either less than three, or more than or equal to three barriers. 
Where required, patient characteristics were dichotomized (age: </≥ 80 years old; education: less than 
high school vs. at least graduated high school). The study 2 sample had a greater proportion of females 
than males who experienced three or more barriers (51.0% vs. 28.2%; X
2
 = 4.735, p = 0.03). Those with 
less than a high school education in study 2 were also more likely to have experienced three or more 
barriers than those with at least a high school education (58.3% vs. 34.8%; X
2
 = 4.010, p = 0.045). 
However, differences by patient characteristics were not found in the study 1 sample. Therefore, more 
study samples would need to demonstrate similar results before any conclusions could be drawn about 
associations between gender or education and the number or type of barriers experienced, especially as 
there is no intuitive reason as to why such associations would occur. These results are displayed in Table 
18. There were no differences in mean number of barriers experienced amongst any of the demographic 
characteristics. 
 The proportions of patients from study 1 that experienced each FI barrier listed on the MAT are 
displayed in Table 19, along with the proportion of patients that experienced each barrier at each hospital 
site. The most common barriers experienced in study 1 included: food intake/hydration not monitored at 
the meal (71.3%); patient not visited by staff mid-meal for a check (54.3%); not offered snacks in 
between meals (52.9%); food did not look or smell appetizing (24.4%); and food not served hot (16.9%). 
Qualitatively, some barriers (e.g. items 4, 10, 13) occurred at similar rates across hospital sites, while 
other barriers (e.g. items 15, 16) appear to be more common at specific hospitals. Despite being the most 
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common barrier identified in study 1, “food intake/hydration not monitored at the meal” was removed for 
version 2 of the MAT because it was considered more of a nutrition care activity and would not be 
considered a FI barrier if it was not completed. The most common barriers experienced in study 2 
(average proportion between the two raters; displayed in Table 20) were: patient not offered help with 
meal (70.4%); not visited by staff mid-meal for a check (57.9%); meal did not come at an appropriate 
time for the patient (26.7%); meal did not look and smell appetizing (20.0%); and not being offered help 
to use the washroom before the mealtime (14.7%).  
A major discrepancy was noted between version 1 and version 2 of the MAT for item 9. On 
version 1, item 9 is phrased: “If required, assistance with eating/drinking was offered”, while on version 2 
it was phrased: “Were you offered any help with your meal?” The proportion of participants who 
indicated this was a barrier in study 1 was 0.8% (Table 19), while in study 2 the proportion that indicated 
it was a barrier (averaged between both raters) was 70.4% (Table 20). The difference in reported 
proportions between the two versions is likely due to differences in interpretation of the questions caused 
by the differences in wording. Item 9 was revised after study 1 as the auditors identified that the question 
was double-barrelled, in that the auditor had to establish that 1) help was required, and 2) that help was 
offered. Thus, in version 2 the qualifier “If required” was removed from the item. However, the increased 
prevalence reported on version 2 suggests that the wording may not have been specific enough to those 
who required assistance with their meal; it is likely that a number of participants who did not require 
help still answered ‘no’ when asked “Were you offered any help with your meal?”. Not being offered help 
when it wasn’t needed would not represent a barrier, thus the appropriate response in that situation would 
have been ‘n/a’. Additionally, absolute agreement between auditors for item 9 was < 80% (the only item 
to be this low) (Table 20) and thus revision was deemed necessary for the published version. Final 
revisions, including item 9 are noted below. 
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5.4.3 Inter-rater Reliability 
Revisions to the MAT after study 1 resulted in version 2 of the tool, which was tested for inter-rater 
reliability in study 2. The ICC for total MAT score between the two raters was 0.68 (95% CI = 0.52-
0.79), indicating good agreement. Table 20 shows the kappa correlation coefficients for each barrier item 
– with responses dichotomized by combining “yes” and “N/A” responses – as well as the proportion of 
agreement in responses between raters. The third column displays what the ICC for total MAT score 
would be for each barrier with a low kappa (< .70) if that barrier was removed.  Most individual items (10 
of 16 in which kappa could be calculated) had good to excellent agreement. The mean number of 
questions with exact agreement between the two raters for each patient was 15.66 +/- 1.70 out of 18. The 
median and mode number of matches between raters for each patient was 16 and 17 barriers, respectively, 
with values ranging from 12 matches to 18 matches per patient. The negative kappa for items 3 and 17 
were likely a result of the minimal variance in responses, as noted by the 93.2% and 92.2% agreement 
between auditors for these items, respectively. Similarly, kappa for items 7 and 14 could not be 
determined due to absolute agreement in responses between raters. When items with moderate to low 
kappas were removed from the total MAT score count, none of the re-calculated ICCs were statistically 
different from the original ICC of .68, according to an F-test.   
5.4.4 Revisions Made to MAT 
Based on the reliability analysis, item 18 (“Were you undisturbed at the meal?”) was considered for 
removal from version 2 due to having the lowest kappa. However, as it contained a unique and 
common
34,71
 barrier, it was retained in the final version. After completion of version 2 testing, the 
researchers met to review in detail with the auditors how to further improve the MAT. Despite the good 
reliability and improvements from version 1, it was determined version 2 could be further improved.  
On page one, questions were added to provide a better description of the meal timing (e.g. when 
the food cart arrived, when trays distributed to patients). On page two, a section was added at the top of 
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the page asking for patients’ perspectives on the importance that they place on food and fluid intake as 
well as the importance that they felt staff placed on their food and fluid intake, rated on scales out of ten. 
Also on page two, potentially double-barrelled barrier items from version 2 were divided into two-part 
questions. In relation to the issue with item 9 described above, it was noted that items 10 and 11 were 
only relevant if item 9 indicated that the patient needed help, so these questions were amalgamated to 
read: a) “Are you able to eat your meal without help?”, and b) “If staff helped you, did you get help when 
you wanted it? N/A if no help provided by staff”. Specifying that this was help “to eat your meal” should 
remove the potential vagueness of this item and the confusion with how to respond if help was not 
required that may have occurred with version 2. Item 8 (“Were you able to reach your meal tray?”) was 
revised to include a component on opening packages and was changed to read: a) “Were you able to reach 
your tray?”, and b) “Were you able to open your food packages OR did you get help to open packages?”). 
Item 18 was changed from “Were you undisturbed at the meal?” into two separate items in an effort to 
better distinguish between types of disturbances experienced by a patient. The published version now 
includes: “Were you able to eat your meal without interruptions (e.g. doctor, nurse, physical therapist 
visiting)?” and “Was your meal free from noise, cleaning or other disturbances?”. The final (published) 
version of the MAT is 17 questions; the tool (Appendix I) along with a guidance document (Appendix J) 
for clinicians and hospital staff can be found at: www.nutritioncareincanada.ca/resources. 
5.5 Discussion 
5.5.1 MAT as a Feasible Tool for Change in Nutrition Care 
This report has shown that the Mealtime Audit Tool, an assessment of FI barriers experienced, has 
sufficient reliability. The estimated ICC of 0.68 is a good measure of inter-rater reliability while the 95% 
CI of 0.52-0.79 falls in the range of fair to excellent.
88
 Revisions to the MAT using feedback from 
auditors in the two studies have made the tool more user friendly and ensured that relevant barriers were 
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included in the final version. This is the first study that determined the inter-rater reliability of a tool 
designed to measure FI barriers in hospital patients. Naithani et al.
34
 developed a similar patient 
experience questionnaire measure of food access issues that demonstrated content and criterion validity, 
as well as internal consistency between responses from patients in different wards. Inter-rater reliability 
was not measured for this questionnaire, however. Naithani’s questionnaire is different from the MAT in 
that it was designed for research and has been used to characterize barriers experienced throughout the 
hospital stay
71
, as opposed to a single mealtime. It has many more items than MAT and includes items 
that are not specifically barriers to eating a meal, such as hunger (e.g. “My visitors bring in food for me 
because I am hungry”). While feeling hungry may represent a food access issue, visitors bringing in 
preferred foods for patients can actually be a strategy to ensure that patients are getting enough to eat.
35
 
Naithani’s questionnaire was also based on the overall patient meal experience throughout their stay as 
opposed to one specific mealtime, which could increase the risk of recall bias
93
 in patient responses. 
 The MAT was designed for clinical practice and is a tool that can be used to support a change in 
nutrition care. It can be used as a monitoring tool for nutritionally at-risk patients to identify barriers and 
challenges they may have with mealtimes. The aim of identifying barriers would be to then ensure that 
these barriers are removed to maximize patients’ potential for sufficient FI. This could include removing 
physical barriers, like staff helping patients with positioning or with opening packages. Or if 
organizational barriers (e.g. incorrect food items being delivered, food not served hot, patients disturbed, 
etc.) are commonly identified in a number of patients, this can signal to staff and hospital management 
that something may need to be changed within their food service practices. Used in conjunction with the 
care processes described in INPAC
35
, routine identification of barriers with the MAT can be a way to 
audit these changes in practice and ensure that nutrition care is being improved by identifying and 
removing barriers to intake within hospital units.
71 
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5.5.2 Prevalence of Mealtime Barriers in Hospital Patients 
There has been limited research focused on identifying the prevalence of mealtime barriers to food intake 
until recently.
33,34,63-71
 The barriers listed on the MAT were selected based on common barriers identified 
in previous research. Descriptive analyses of barriers experienced in this report add to the knowledge base 
of the prevalence and existence of these barriers. This report is more specific to elderly patients than other 
studies have been, as the entire study 1 sample was over 65 years of age and three-quarters of the study 2 
sample was older than 60 (Table 16). Some barriers were common across all study 1 sites as well as in 
study 2. A common issue observed across all sites was that meals did not look or smell appetizing. 
Mealtime disturbances also occurred across all sites. Disturbances from excessive noise or smells, visits 
from staff or physicians, or being taken away for medical testing during a meal can result in an unpleasant 
eating environment and potentially prevent the patient from eating if, for example their food gets cold due 
to an interruption or they miss their meal completely.
33
 
More than half of the participants in both samples were not checked on by staff mid-meal. Not 
checking on patients mid-meal is not a direct barrier to intake, as it would not directly cause decreased FI. 
However, checking on patients is a nutrition care activity that could ensure that patients have what they 
need to be able to eat sufficiently at each meal, whether that involves physical assistance or a request for 
other foods. Having staff members check on patients ensures that they are focused on the mealtime and 
the assistance offered could improve FI
37,78, which helps promote the importance of a “food-aware” 
culture among hospital staff.
37 
The descriptive analyses highlighted that the prevalence of FI barriers can vary by hospital and 
that the MAT can identify these differences. In study 1, there were barriers that were reported in differing 
proportions between the four sites (Table 19). For example, half of the Site 4 participants reported that 
their food wasn’t served hot while no one reported this at Site 3, and one in ten participants reported it in 
study 2 (also at Site 3). Thus, the MAT can identify that the existence of barriers can vary between units 
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within the same hospital as well. Hospital units differed in terms of size, staffing, resources, 
specializations, patient demographics, etc., and likely differed in the quality of nutrition care provided. 
Quality of nutrition care and of the food itself has a direct influence on FI.
47
 Information on the existing 
mealtime practices within the participating hospitals was not collected. These hospitals were approached 
to participate, and likely agreed to participate, because they are centres that already have a heightened 
interest in nutrition care. It is possible that these hospitals already had better mealtime practices in place 
than other hospitals, thus it is possible that the prevalence of barriers observed across these sites was 
lower than in the general hospital patient population. 
Even if hospital management commits to implementing quality nutrition care policies, such as 
INPAC
35
, there is no guarantee that a standard of care will be met throughout all units within a hospital. 
This is why a tool like the MAT would be useful for unit staff to routinely audit their mealtime practices, 
using the patient feedback to identify where their nutrition care is specifically lacking and make 
improvements. 
5.5.3 Strengths and Limitations 
As previously mentioned, this is the first study that described a clinical measure of FI barriers at a single 
mealtime that showed reliability between raters. Samples were of sufficient size and diversity; statistically 
significant differences in patient characteristics for the study 2 sample demonstrate the sufficiency of the 
sample. However, further samples would need to demonstrate these significant differences in barriers 
experienced between demographic characteristics before conclusions can be drawn. The relatively tight 
95% CI for ICC provides confidence in the estimate of reliability calculated. As well, a research team that 
involved clinicians and users of the tool were involved in developing, revising and finalizing the tool, 
promoting a tool that has clinical utility. However, it is acknowledged that there were some potential 
limitations to this work. 
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The order in which the dietetic interns audited each participant in study 2 was not recorded, 
although they were instructed to vary their order. It would have been prudent to record rater order to rule 
out any effect that responding first or second may have had on total MAT score. The time at which each 
interview was completed was also not recorded. The MAT required auditors to record: the time the 
auditor arrived on the unit, time the meal truck arrived, and the times tray distribution started and ended. 
The time of the interview was not an essential piece of information for the MAT itself, but for inter-rater 
reliability, the time between assessments should have been clearly defined in the study protocol.
84
 If time 
between interviews was too long this could have caused recall issues from participants forgetting the 
details of their mealtime experience. However, this would have resulted in reduced measures of 
reliability. Due to the high level of concordance between auditors for most items (14/18 items have > 
90% agreement between auditors; Table 20), this limitation likely did not negatively influence results. 
Going through the questions a second time may have also caused some participants to over-analyze their 
mealtime experience and identify barriers they might not have the first time. This is another effect that 
could have been controlled for by recording the order of audits. It is assumed that measures of reliability 
would have been improved if these limitations were controlled for.  
The hospital site (Site 3) in which the inter-rater reliability testing was conducted is also likely a 
higher centre of nutrition care than most hospitals. The dietitian site investigator (HM) has a heightened 
interest in nutrition care and nutrition research. This hospital site takes on a number of dietetic interns and 
has a number of diet techs on staff within their hospital units, and therefore may have a higher capacity 
for nutrition care than most. This may have caused an increased reliability of the MAT if the auditors in 
this study were more careful in their completion of the MAT than would occur in other hospital sites. 
However, there was no difference in barriers experienced in Site 3 compared to the other three hospital 
sites in Study 1, so it is assumed that the level of nutrition care provided in Site 3 was not sufficiently 
different from what was provided across the other sites to influence these results.  
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5.5.4 Next Steps 
Building upon this initial reliability testing, it would be worthwhile to conduct further inter-rater 
reliability testing on the final revised version of the MAT using the methodological improvements 
suggested above across a wider range of hospital sites. However, after two rounds of revisions to the tool, 
the wording on the published version of the MAT is similar to the tested version 2, aside from the 
splitting of double-barrelled questions described above in “Revisions Made to MAT”. As the overall 
inter-rater reliability measures in this study were deemed sufficient, it is still recommended that hospitals 
adopt the MAT into their care practices if they choose. 
 However, it is recognized that adopting new tools or procedures into existing care practices can 
be quite challenging. The next step after developing and testing clinical tools is to implement them into 
practice. The More-2-Eat (M2E) study is currently underway across five Canadian hospitals and aims to 
implement INPAC into their nutrition care practices. Within M2E, the finalized version of the MAT will 
be used in a detailed data collection on a subset of patients. The study will aim to identify barriers and 
facilitators to the successful implementation of all components of INPAC, including the monitoring of FI 
barriers with the MAT. M2E will help evaluate how the MAT can be implemented into routine care 
practices providing insight on specifics of process, such as what staff are best suited to conduct MAT 
audits, the amount of training necessary, how to identify patients that need an assessment of barriers, and 
determining the follow-up processes that should occur when FI barriers are identified. 
5.6 Conclusions 
This study demonstrates that the MAT is reliable when used by auditors with minimal training. Use of the 
MAT in two study samples has led to revisions being made to improve the tool. The MAT is a novel 
measure of FI barriers, which are not regularly or systematically monitored in most hospital units today. 
Descriptive analyses demonstrated the prevalence of mealtime barriers that are likely to affect FI and how 
prevalence can vary across hospitals. The differences in types of barriers observed across hospitals 
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supports the idea that the occurrence of barriers can be contextual in nature potentially due to the 
variability in patient populations and quality of nutrition care provided from hospital to hospital. 
Therefore an audit tool such as the MAT may be useful for hospitals to be able to identify which barriers 
do exist in their units, providing them with tangible evidence on where they can improve care. As FI is 
essential to recovery and impacts length of stay
6
, it is relevant to assess and remove barriers at the 
individual, unit and hospital level in order to give patients the best opportunity to consume the foods 
they’re provided. The MAT has sufficient inter-rater reliability for clinical use and has the potential to 
play a role in monitoring, changing and improving nutrition care. However the next step, currently 
underway with the M2E study, is to determine whether the MAT can be implemented effectively into 
clinical practice. 
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5.7 Data Tables 
Table 15 - Participant Hospital Characteristics 
Hospital Site Province Hospital Type 
Approximate # 
of Beds 
Anglophone/Francophone 
1 British Columbia Community 285 Anglophone 
2 Saskatchewan Academic 650 Anglophone 
3* Ontario Community 600 Anglophone 
4 Quebec Academic 1200 Francophone 
*inter-rater reliability (Study 2) site 
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Table 16 - Patient Demographics for Study 1 and 2 
Characteristic 
% (n) 
Descriptive Analysis  
(Study 1) (n=120) 
Inter-rater Reliability (Study 
2) (n=90) 
Gender 
Male 
Female 
 
43.3% (52) 
56.7% (68) 
 
43.3% (39) 
56.7% (51) 
Age 
Mean +/- sd* 
< 60 years 
60-69 years 
70-79 years 
80-89 years 
90-99 years 
 
78.4 +/- 8.4 
0 
20.0% (24) 
32.5% (39) 
35.8% (43) 
11.7% (14) 
 
67.6 +/- 14.3 
26.7% (24) 
27.7% (25) 
24.5% (22) 
17.8% (16) 
3.3% (3) 
Highest Level of Education Achieved 
Primary school or less 
Some high school 
Graduated high school 
Some post-secondary/graduated post-
secondary 
Other (trade school or foreign education) 
 
 
10.8% (13) 
26.7% (32) 
28.3% (34) 
34.2% (41) 
 
0 
 
 
11.1% (10) 
15.6% (14) 
25.6% (23) 
45.6% (41) 
 
2.2% (2) 
Living Situation 
Lives alone 
Lives with spouse 
Lives with other family/friends 
Lives with spouse and other family 
Long term residence 
 
41.7% (50) 
40.0% (48) 
13.3% (16) 
2.5% (3) 
2.5% (3) 
N/A 
Unit Type* 
Medical wards 
Surgical wards 
 
78.3% (94) 
21.7% (26) 
 
46.7% (42) 
53.3% (48) 
Reason for Admission 
Orthopedic 
Respiratory 
Falls/weakness/dizziness 
Cancer 
Cardiovascular 
Gastrointestinal 
Wound/Infection 
General surgery 
Stroke 
Other 
Missing 
 
22.5 (27) 
12.5 (15) 
12.5 (15) 
10.0 (12) 
6.7 (8) 
6.7 (8) 
5.8 (7) 
3.3 (4) 
1.7 (2) 
17.5 (21) 
0.8 (1) 
 
40.0 (36) 
4.4 (4) 
4.4 (4) 
2.2 (2) 
5.6 (5) 
10.0 (9) 
4.4 (4) 
8.9 (8) 
8.9 (8) 
11.1 (10) 
0 
*denotes significant difference between study 1 and study 2 samples at p<0.05 
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Table 17 - Descriptive analysis for barriers experienced by patients across hospital sites and studies 
Sample 
Hospital 
Site/Rater 
Mean 
Standard 
Deviation 
Minimum Maximum 
Descriptive 
Analysis 
(Study 1) 
1 2.87 0.97 1 6 
2 2.37 1.92 0 8 
3 2.79 1.78 0 7 
4 3.70 1.21 2 6 
Inter-rater 
Reliability 
(Study 2) 
Rater 1 2.87 1.50 0 6 
Rater 2 2.16 1.22 0 7 
 
Table 18 - Comparison of number of barriers experienced by selected patient characteristics 
Characteristic 
% (n) 
Study 1 Study 2 
< 3 barriers ≥ 3 barriers < 3 barriers ≥ 3 barriers 
Gender 
Female 
Male 
 
39.7 (27) 
37.3 (19) 
 
60.3 (41) 
62.7 (32) 
 
49.0 (25) 
71.8 (28)* 
 
51.0 (26) 
28.2 (11)* 
Age 
< 80 years 
≥ 80 years 
 
34.9 (22) 
42.9 (24) 
 
65.1 (41) 
57.1 (32) 
 
59.2 (42) 
57.9 (11) 
 
40.8 (29) 
42.1 (8) 
Highest level of education 
Less than high school 
Graduated high school or 
higher education 
 
36.4 (16) 
40.0 (30) 
 
63.6 (28) 
60.0 (45) 
 
41.7 (10) 
65.2 (43)** 
 
58.3 (14) 
34.8 (23)** 
Unit Type 
Medical 
Surgical 
 
40.2 (37) 
34.6 (9) 
 
59.8 (55) 
65.4 (17) 
 
57.1 (24) 
60.4 (29) 
 
42.9 (18) 
39.6 (19) 
*p = 0.03; **p = 0.045 
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Table 19 - Proportion of each food intake barrier experienced in study 1 (MAT Version 1) 
Barrier 
Overall Sample 
% Experienced 
(n) 
Site 1 % 
(n) 
Site 2 % 
(n) 
Site 3 % 
(n) 
Site 4 % 
(n) 
1. Patient did not receive the food they 
ordered (n=118) 
6.8 (8) 0 13.3 (4) 6.9 (2) 6.7 (2) 
2. Patient did not receive sufficient 
information to make an informed choice 
(n=115) 
7.0 (8) 3.4 (1) 3.6 (1) 14.3 (4) 6.7 (2) 
3. Food was not served hot (n=118) 16.9 (20) 6.7 (2) 10.0 (3) 0 
51.7 
(15) 
4. Meal tray did not look and smell 
appetizing (n=119) 
24.4 (29) 26.7 (8) 
33.3 
(10) 
27.6 (8) 10.0 (3) 
5. Patient not positioned comfortably/did 
not have all needed personal effects to 
eat/drink (n=119) 
4.2 (5) 0 3.3 (1) 13.8 (4) 0 
6. Help was not provided for 
positioning/getting ready (if needed) 
(n=119) 
2.5 (3) 0 3.3 (1) 6.9 (2) 0 
7. Tray was not accessible at bedside 
(n=119) 
5.0 (6) 0 3.3 (1) 13.8 (4) 3.3 (1) 
8. Tray was not set up for patient (i.e. 
packages opened) or offered (n=119) 
11.8 (14) 0 13.3 (4) 20.7 (6) 13.3 (4) 
9. Assistance with eating/drinking was not 
offered (if required) (n=119) 
0.8 (1) 0 3.3 (1) 0 0 
10. Patient was disturbed during mealtime 
(n=118) 
14.2 (17) 10.0 (3) 10.0 (3) 21.4 (6) 16.7 (5) 
11. Requests for replacement/additional 
foods were not met (n=115) 
2.6 (3) 3.4 (1) 3.4 (1) 3.4 (1) 0 
12. Patient did not have sufficient time to 
eat (n=119) 
0   0 0 0 0 
13. Patient not visited by staff mid-meal 
for a check (n=117) 
54.3 (63) 
36.7 
(11) 
62.1 
(18) 
62.1 
(18) 
55.2 
(16) 
14. Staff did not offer alternatives if meal 
tray was untouched (n=112) 
12.5 (14) 3.4 (1) 8.3 (2) 10.3 (3) 26.7 (8) 
15. Food intake/hydration was not 
monitored at this meal (n=108) 
71.3 (77) 100 (30) 
40.0 
(10) 
56.5 
(13) 
80.0 
(24) 
16. Patient was not offered snacks in 
between meals today (n=119) 
52.9 (63) 
96.7 
(29) 
30.0 (9) 24.1 (7) 
60.0 
(18) 
17. Patient was not offered pain or 
symptom control (if needed) (n=118) 
8.5 (10) 0 3.4 (1) 6.9 (2) 23.3 (7) 
18. Patient was not offered constipation 
management (if needed) (n=118) 
7.6 (9) 0 0 10.3 (3) 20.0 (6) 
  79 
Table 20 - Proportion experiencing mealtime barriers and reliability testing for study 2 (MAT Version 2) 
(n=90) 
Barriera 
Average % 
Experiencing  
Barrier 
Kappa Coefficient (% 
Overall Agreement 
between Auditors) 
ICC with item 
removed 
1. Did the meal come at an appropriate time for 
you? 
26.7 .830b (93.3%)  
2. Did you get the food that you ordered? 8.9 .863b (97.8%)  
3. Did you request any other food/drink items 
during this meal, and if so did you get them? 
(n=88) 
3.4 -.019 (93.2%) .653 
4. Did your meal look and smell appetizing? 20.0 .723b (91.1%)  
5. Were hot foods served hot? (n=89) 9.5 .805b (96.6%)  
6. Did you need help being positioned 
comfortable prior to eating; and if so was help 
provided? (n=89) 
3.9 .554b (96.6%) .629 
7. Did you have everything you needed in order 
to eat/drink such as your glasses, dentures, 
etc.? 
0 n/ac (100%) .630 
8. Were you able to reach your meal tray? 12.8 .552b (90.0%) .615 
9. Were you offered any help with your meal? 
(n=89) 
70.4 .460b (77.5%) .687 
10. If you needed help with your meal was it 
provided? 
3.4 .321b (95.6%) .640 
11. If you needed help, did you receive this 
quickly? 
3.9 .272b (94.4%) .657 
12. Did you have enough time to eat your 
meal? 
1.7 .662b (98.9%) .635 
13. Were you visited by staff mid meal to check 
on you? (n=88) 
57.9 .674b (84.1%) .622 
14. (If tray is untouched): Did staff offer you any 
other food to eat? 
0 n/ac (100%) .630 
15. Are you suffering from constipation and if 
so have you been offered anything to manage 
it? (n=89) 
4.5 .478b (95.5%) .605 
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16. Were you offered help to use the washroom 
before mealtime? (n=87) 
14.7 .322b (81.6%) .631 
17. Are you experiencing any symptoms like 
pain or nausea and if so have you been offered 
anything to manage it? 
3.9 -.019 (92.2%) .647 
18. Were you undisturbed at the meal? 7.8 .257b (88.9%) .636 
a
n=90 unless otherwise stated; 
b
statistically significant at p < 0.001; 
c
kappa could not be calculated as there 
was no variability in responses (Both raters responded “yes” or “N/A” for all patients) 
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Chapter 6 
Discussion 
The research conducted for the purposes of this thesis has demonstrated that two novel clinical tools – the 
My Meal Intake Tool (M-MIT) for the monitoring of food intake (FI), and the Mealtime Audit Tool 
(MAT) for the assessment of FI barriers in acute care patients – have met statistically acceptable criteria 
for their use in clinical practice. Forty-five percent of patients are admitted to hospital in Canada already 
malnourished
6
 while nutrition status tends to decline further while hospitalized. A major determinant in 
nutritional status of patients is FI, and many patients do not consume enough to meet their daily needs, 
leading to further declines in nutritional status. Current nutrition care practices do not do enough to rectify 
the issue of malnutrition, nor is the high prevalence and significance of the problem recognized in the 
hospital. The Integrated Nutrition Pathway for Acute Care (INPAC) (Appendix A) was recently 
developed as a standard of care, based on evidence and expert consensus, that aims to provide patients 
with best practice nutrition care if implemented.
35
 During INPAC’s development, needs were identified 
for new clinical tools: 1) a patient self-completed FI monitoring tool, and 2) an assessment tool for FI 
barriers. Similar existing tools (e.g. nutritionDAY™ food intake questionnaire, Naithani et al.’s barrier 
questionnaire
34
) were deemed to be insufficient in meeting what was required within INPAC so new tools 
had to be developed, resulting in the creation of the M-MIT and MAT. The studies within this thesis 
completed key steps in the development of health measurement tools
82
 by revising both tools for 
appropriateness and functionality, establishing criterion validity for the M-MIT, and determining inter-
rater reliability of the MAT. 
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6.1 M-MIT and MAT – Implications for Practice 
6.1.1 My Meal Intake Tool within the Integrated Nutrition Pathway for Acute Care (INPAC) 
Within INPAC it is recommended
35
 that patients have their nutrition risk screened at admission using the 
Canadian Nutrition Screening Tool (CNST)
96
, and if deemed at risk, have their nutritional status assessed 
using the Subjective Global Assessment (SGA)
97
. After these initial steps, it is recommended that FI is 
monitored to be used as the primary driver in determining changes in nutrition care.
35
 Patients who are 
screened and/or assessed with ‘no risk’ on admission would receive “Level A: Standard Nutrition Care” 
and are recommended to have their FI monitored twice per week. Patients who are mild/moderately 
malnourished on admission would receive “Level B: Advanced Nutrition Care” and are recommended to 
have their intake monitored once per day.
35
 Patients who are severely malnourished on admission would 
receive “Level C: Specialized Nutrition Care”, which involves a comprehensive nutrition assessment 
conducted by a dietitian resulting in an individualized plan for treatment and monitoring.
35
 The 
development and initial validation testing of M-MIT allows for this routine monitoring to be possible for 
those patients that are able to complete the tool themselves or have someone else that can complete it for 
them. Low intake (i.e. < 50% of food provided) as reported on the M-MIT is the recommended indicator 
for increasing a patient’s level of nutrition care as per INPAC. Patients receiving Level A care would be 
upgraded to Level B care if they reported low intake on one of their twice-weekly M-MIT observations.  
Patients receiving Level B care who report low intake for three consecutive days of monitoring would be 
upgraded to Level C, at which point they would receive the comprehensive assessment and individualized 
care plan.
35
 INPAC recommends that patients reporting low fluid intake may require interventions to 
prevent dehydration.
98
 
There are several issues to consider and further research to be conducted regarding how to fully 
integrate M-MIT into use with INPAC. Specifically, process evaluation research should be conducted, 
which is “used to monitor and document program implementation and can aid in understanding the 
  83 
relationship between specific program elements and program outcomes” (p.134)99 and helps understand 
why a newly implemented practice was successful or not
99
. Process evaluation with M-MIT integrated 
into clinical practice would help determine: ideal FI cut points to use for determining next steps in 
nutrition care; the feasibility of M-MIT with patients that can complete the tool themselves vs. patients 
who need someone else to complete it for them; how well the M-MIT works within the care processes 
outlined in INPAC; as well as how to deal with incorrectly completed or incomplete forms. 
6.1.1.1 Determining ideal cut point for “low intake” 
Though 50% intake is the suggested cut-off value for “low intake” in INPAC, healthcare staff judgement 
should also be used, recognizing that these tools are a guide. Fifty percent is recommended as the 
minimum cut-off because consumption of less than half of the food provided has been identified as being 
associated with a longer LOS.
6 
However subjective judgments can be used to determine next steps based 
on the appetite and challenges questions and the patient comment box on the second page of M-MIT, in 
combination with the patient`s FI estimation. For example, if a well-nourished (Level A) patient noted 
that they ate less than usual for one meal because they had family visiting and didn’t finish their meal, this 
would not necessarily warrant an increase in care. Additionally depending on the context, cut-off values 
other than 50% could be used to drive changes in nutrition care. In patient populations where FI is seen as 
especially important or in hospitals with more resources available for nutrition care, a higher cut-off value 
(i.e. 75%) could be used, which would increase the sensitivity of the tool
92
, identifying a greater 
proportion patients who may be at risk due to low intake. Thus, using the higher cut point would identify 
a greater proportion of at risk patients but also increase the number of false positives identified (decreased 
specificity)
92
. This would likely require an increased use of resources as a greater proportion of patients 
would be receiving higher level (Level B or C) care.  
However, 50% is recommended as the minimum cut point due to its association with LOS. Thus, 
an even lower cut-off value of < 25% would not be a recommended practice due to the inverse 
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relationship between sensitivity and specificity
92
. The lower the cut point used, the lower sensitivity will 
be, which would result in a lower proportion of patients consuming <25% actually being correctly 
identified as such (i.e. more false negatives). Using a lower cut-off would cause a number of patients 
consuming <50% of their meal who could benefit from nutritional intervention to be missed, and could 
result in patients staying hospitalized longer. If hospitals do not have the resource capacity to provide the 
necessary care using the 50% cut-off, an alternative option would be to keep the patient at the same care 
level longer before an increase in care (e.g. only moving Level A patient to Level B if both weekly meal 
observations are <50%, instead of just one, etc.). However it is suggested that the practices recommended 
in INPAC are adhered to if possible as they are based on best practices noted in the existing literature as 
well as consensus reached amongst an expert panel of researchers and clinicians from dietetics, medicine 
and nursing, including management and frontline personnel.
35
 Ultimately it would be up to individual 
hospital management and staff to take all contextual information into account and decide on what cut 
point to use and the next steps to take after identifying low intake. 
6.1.1.2 Determining how well M-MIT works within INPAC 
Process evaluation is required to ascertain how M-MIT works within INPAC’s care practices and 
determine how it can be successfully implemented within those nutrition care practices. For example, 
INPAC recommends that patients receiving Level A care should have their FI monitored preferably at 
three and seven days admission, and twice per week thereafter.
35
 Process evaluation could determine what 
proportion of Level A patients actually stay to three and seven days. If most of these low risk patients 
have a shorter LOS on average, the recommendations given by INPAC may need to be revised. INPAC 
also recommends that patients receiving Level B care have their FI monitored at least once per day.
35
 
Process evaluation would identify the burden of daily completion of M-MIT for these patients and 
whether this recommendation would be feasible. Other process issues could be detailed out with process 
evaluation as well, such as determining who is best suited to distributing and collecting M-MIT forms, 
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determining how M-MIT results will be flagged for follow up, and determining the training and education 
needed for M-MIT to be implemented effectively. 
6.1.1.3 How to deal with proxy-completed M-MIT forms 
Further testing is required to determine what proportion of patients can complete M-MIT themselves 
compared to those who need help from a proxy to complete it, and to determine the feasibility of having 
other people help with completion. Several patient groups may require assistance with M-MIT 
completion, including those with altered mental status, literacy or language issues (M-MIT is currently 
only available in English and French), or those who are too physically ill, weak, or in pain to fill out the 
form. It would be worthwhile to validate proxy-completed M-MIT forms similarly to the validation study 
conducted for this thesis (against trained dietitian FI estimations). Proxy completion would also allow 
testing for inter-rater reliability between proxies. Validation and reliability testing would provide an idea 
of the usefulness of proxy completion of the M-MIT. A variety of people could act as proxies for M-MIT 
completion, including patients’ family members, hospital volunteers, personal service workers, nursing 
staff, food service workers, etc. Similar to the decision of what cut-off value to use, the decision on who 
would act as a proxy would likely be context-specific depending on hospital resource capacity. Process 
evaluation in clinical settings would help determine who would be best suited to fulfill this role. 
6.1.1.4 How to deal with incomplete M-MIT forms 
Finally, process evaluation with the M-MIT would be useful in determining how to deal with incomplete 
or incorrectly completed forms. Approximately 20% of M-MIT forms in the criterion validation study 
were either incomplete or incorrectly completed with a number of common errors observed. In practice, 
processes would need to be outlined as to how to deal with such forms. Staff could remind patients to 
complete forms or alternatively, proxies could help with completion or totally complete the tool based on 
their estimation of the tray. If a patient only completes the first page of M-MIT (i.e. no reasons for low 
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intake on page two provided), it is recommended that the next steps for low intake are to be followed as 
outlined in INPAC. Another common error observed was that some patients checked multiple boxes for 
the proportion of food consumed. Again, process evaluation would help determine what course of action 
would make the most sense in that situation. A subsequent meal would likely have to be monitored to 
make up for the incorrectly monitored meal, and likely with the help of someone else (e.g. staff, family, 
etc.) to make sure it is filled out properly. 
6.1.2 Mealtime Audit Tool within the Integrated Nutrition Pathway for Acute Care (INPAC) 
Barriers to FI are acknowledged at all three levels of nutrition care (Level A/B/C) within INPAC. In 
Level A, staff are encouraged to ensure that basic physical barriers are removed (i.e. tray within reach, 
open packages, assist with eating, etc. if needed). In Level B, assessment of further barriers such as pain 
is recommended in order to address and remove these issues. In Level C care, more in-depth assessment 
of potential barriers (i.e. swallowing assessment, medication side effects, depression, etc.) is 
recommended.
35
 The MAT is likely most useful for Level A and B patients as a trained health 
professional with specific expertise in nutrition is not expected to be involved with these patients. 
 
6.1.2.1 How the MAT can be used in practice 
The MAT can be used for multiple purposes: 1) to establish a baseline on mealtime barriers that patients 
may experience; 2) to identify differences between units, or within a unit, when nutrition changes occur 
during the implementation of the INPAC care processes in order to track progress; 3) to identify priorities 
for change and where improvements in care need to be made; or 4) to educate staff on the needs, barriers 
and perspectives of their patients.
100
 Frequency of MAT use would thus be dependent upon the purpose of 
the audit.  
 If baseline barrier information is established, the MAT could be used as a routine audit tool on 
random samples of units or patients within a unit. Over time, randomly selecting patients with diverse 
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characteristics would provide hospital staff with information on the type of patients that are more likely to 
experience more barriers or certain specific barriers. Or, specific patient groups (e.g. frail older adults, 
stroke patients, cancer patients, etc.) could be targeted to identify their most common FI barriers. 
Consistency in the meal or time of day audited would correct for differences in nutrition care provided 
during different shifts. For example, it would not be practical to compare the results of day shift audits to 
those from night shifts.  
For hospitals that choose to implement INPAC into their care practices, routine auditing of 
mealtimes with the MAT could act as a way to identify specific patient barriers and track improvements 
in nutrition care once INPAC is implemented. It has been established that routine auditing is an effective 
method in improving clinical practices
81
. Thus, regular use of the MAT may have the potential to be an 
effective tool in tracking improvements to nutrition care through reductions in the number of barriers 
observed. If some barriers are commonly observed, this would highlight to hospital staff and management 
where improvements in care could be made. 
Finally, the results of MAT audits could be used to educate staff on the needs and barriers 
experienced by patients. Awareness of staff on the existence and impact of barriers to intake may be low. 
If patients don’t let staff know about certain issues they are having during mealtimes, then these issues 
will never be identified and resolved. The MAT is a potential means for this type of communication to 
occur. For example, MAT results within a hospital could be disseminated during staff training sessions to 
emphasize where care is lacking using tangible data. Increasing awareness is a key first step in initiating 
improvements in nutrition care.
37 
6.1.2.2 Process evaluation with the MAT 
As with the M-MIT, now that inter-rater reliability of the MAT has been established, process evaluation 
research would be a key next step in determining the usefulness of the tool. Process evaluation would help 
establish whether the MAT is feasible in clinical practice and whether the tool is useful to improving 
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nutrition care in practice (i.e. whether routine use is possible and leads to changes in care). This research 
would also establish how to best integrate the MAT into practice, in terms of identifying who will 
conduct the audits, what to do with audit results, and how those results will be used to prompt 
improvements in care.  
Regarding staff roles, any hospital staff member could be minimally trained to be a MAT auditor. 
A guidance document (Appendix J) for clinicians for the MAT’s use has been created 
(www.nutritioncareincanada.ca/resources) and a brief training session going over the points covered in 
this document is all that would be needed to sufficiently equip someone to use the MAT. Nursing staff or 
volunteers could be trained to complete the MAT, but dietary staff (e.g. food service supervisors or diet 
technicians) may be especially appropriate as they could more readily address the food service or 
nutrition care issues that the MAT would uncover.
100
 As with the M-MIT, context would have significant 
influence on deciding the best person for such a role, as well as on deciding who should compile the MAT 
results and how those results will be used to improve care. 
6.2 Implementing Changes in Nutrition Care Practices 
6.2.1 Value of M-MIT and MAT Outside of INPAC 
The M-MIT and MAT are valuable components within INPAC, however they are still valuable tools that 
could improve the quality of nutrition care even if not used within INPAC. Similar tools have been used 
for clinical research (i.e. nutritionDAY™ and Naithani’s questionnaire), however the studies within this 
thesis are the first to show statistical evidence of the suitability of such tools in clinical practice.  
The M-MIT allows for a more standardized method of monitoring FI that has been validated 
against trained dietitian estimations. Implementing M-MIT into nutrition care practices, for those patients 
that are able to complete it, would allow more patients to be monitored and likely result in more accurate 
estimations than current monitoring methods that are either inaccurate or not done at all
31,32
. Hospital staff 
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could use the data collected by the M-MIT to help determine which patients need a dietetic referral. This 
tool, alongside screening (e.g. CNST) and assessment tools (e.g. SGA), assists in providing another 
standardized method leading to dietetic referral. Standardizing the referral process would result in more 
efficient identification of patients at nutrition risk than the generally ad hoc processes that currently 
exist
73
.  
Monitoring of FI barriers on hospital units is currently not common practice. The MAT provides 
hospitals with a simple questionnaire assessment requiring minimal skill to complete that would allow 
selected patients to have their mealtime challenges identified and action taken to address those challenges. 
The MAT would be a useful tool for hospitals that are serious about improving their food provision 
practices. Documentation of barrier data would provide hospital management and staff with tangible 
evidence of the barriers that exist, who could then take steps to ensure that the barriers are reduced as 
much as possible. 
6.2.2 Improving Nutrition Care Requires a Multidisciplinary Approach 
Development of new tools and providing evidence for their use are important for improving nutrition 
care, yet they are only small components in a much larger process. Though statistical evidence of the M-
MIT and MAT have been established in a clinical experimental setting, their true impact can only be 
measured by implementing them into existing clinical care practices and determining their 
effectiveness
101
 in contributing to improved patient outcomes. Changing care processes in hospital, even 
making small changes, can be incredibly complex. Normalization process theory (NPT)
101
 describes 
factors that promote or inhibit new interventions from being implemented and sustained in everyday 
practice. According to NPT, four main factors play a role in normalizing practice. Coherence means that 
participants understand the purpose and value the benefits of the new intervention. Cognitive 
participation occurs if participants think an intervention is a good idea and are willing to invest their time 
and energy into changing the practice. Collective action refers to the amount of work that needs to be 
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done in order to change practice (e.g. how it affects workloads, amount of staff training necessary, etc.). 
Finally, reflexive monitoring refers to how participants perceive the change in practice once it has been in 
place for an extended period of time (e.g. is it being perceived as advantageous and can the change in 
practice be improved upon now that it is in place?).
101
 
Therefore before changes can be made, an increase in awareness of the importance of FI, the 
significance of barriers to intake, and the significance of malnutrition itself (i.e. coherence
101
), needs to 
occur.
37
 Some work has been done in this area, particularly through the Nutrition Care in Canadian 
Hospitals (NCCH) study. In one component of the NCCH, nurses who were surveyed generally under-
estimated the prevalence of malnutrition.
102
 In another component of the same study, physicians surveyed 
felt that current nutrition care practices did not match up with what they thought should be optimal 
practice and that nutrition-related resources were lacking in hospital units.
103
  
Increasing awareness at all levels (management, staff, and patients and their families) would 
promote a culture change in the importance placed on nutrition by all.
37,104
 It needs to recognize that 
current practices in detecting, monitoring, and treating malnutrition are not up to par, and everyone should 
be involved from the organizational level through to hospital staff, as well as patients and their families.
37
 
The causes of malnutrition are multifactorial and thus require a multidisciplinary solution.
37
 Dietitians are 
a specialized resource, and although they are a key component in changing nutrition culture, they are only 
one component in making this change
102
. Staff roles around nutrition care need to be clearly defined with 
sufficient training provided, and patients need to be educated on the role that their nutrition can play in 
their successful recovery.
37
 There is currently a disconnect in communication between the different 
disciplines
37
 that needs to be diminished for palpable changes to be made. For example, for the M-MIT to 
be successfully implemented it would likely fall on front-line staff (i.e. nursing, food services) to collect 
completed forms and systems would need to be put in place to have that FI information passed on to 
dietetics staff. Likewise for the MAT, barrier information collected by staff who completed the audits 
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would need to be communicated back to front-line staff in order for the barriers to be addressed. For 
novel tools like the M-MIT and MAT or for care processes like INPAC to make a difference, hospitals at 
the organizational level need to be made aware
37
 that there is a problem and be willing to implement 
change, with everyone involved in making that change. 
6.3 Next Steps 
The M-MIT and MAT were created as tools to support the recommended nutrition care practices outlined 
in INPAC.
35
 By validating the M-MIT and establishing inter-rater reliability of the MAT, this research 
has provided a rationale to support their use. It would be worthwhile to re-test the revised versions of the 
tools for reliability and validity, as well as within specific hospital patient populations to ascertain 
whether certain populations (i.e. 80+ years old, specific medical condition populations, etc.) have more 
trouble with the tools’ completion. However, based on the results of this thesis the M-MIT and MAT can 
be recommended for clinical use due to the lack of similar existing tools that could help standardize 
processes that are currently either ad hoc or non-existent. The Canadian Malnutrition Task Force has 
endorsed their use independently and within INPAC and are available for clinicians to download at 
“www.nutritioncareincanada.ca/resources”. 
 Changing care practices and implementing new practices are significant and complex steps that 
involve translating knowledge from research into action. Clinical research often results in novel 
recommendations or tools to improve practice, yet organizations often fall short of effectively 
implementing this knowledge.
105,106
 Currently, the More-2-Eat (M2E) study is underway across five 
Canadian hospitals that aims to implement INPAC in these institutions, detailing the challenges and needs 
that hospitals will have with changing their care processes. The study is a developmental evaluation, and 
the five sites are encouraged to use a series of iterative Plan-Do-Study-Act (PDSA) cycles
107
 to 
implement the care processes. An INPAC implementation toolkit will be created, which will encompass 
all materials (e.g. educational materials, training programs, posters, slide decks, etc.), tips, strategies, and 
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case examples that will help facilitate the implementation of INPAC for any other hospitals that choose to 
do so. The M-MIT and MAT will be included in the implementation study, specifically for detailed data 
collections on subsets of patients, and will be included in the toolkit. Sites are encouraged to incorporate 
M-MIT and MAT across all unit patients as they continue to roll out INPAC steps and activities. Several 
components of the process evaluation steps that were recommended for the M-MIT and MAT will take 
place within the M2E study. M2E will uncover if and how the tools can best be used in practice, and 
identify barriers and facilitators to integrating these tools into routine care practices. This thesis has 
shown the tools to be sufficiently valid (M-MIT) and reliable (MAT) for clinical use, and the M2E study 
will determine what is needed to successfully integrate them into clinical practice. 
6.4 Concluding Remarks 
The research presented in this thesis has completed key steps in the development of new clinical tools – 
My Meal Intake Tool and the Mealtime Audit Tool. These tools provide hospitals with the potential to 
improve their nutrition care with their use. The next step after developing and testing tools is to determine 
how to implement them into practice, a step which is currently underway with the M2E study. While 
these tools can only play a minor role in improving such a complex issue as hospital malnutrition, their 
inclusion in standardized care frameworks such as INPAC, have the potential to make a major impact. 
Awareness and attitudes towards hospital malnutrition are hurdles that need to be overcome, but once a 
more “food aware” culture37 becomes commonplace, the M-MIT and MAT may have the ability to play a 
role in improving nutrition care. 
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